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Future of computerised electrocardiography 


FRITS L MEIJLER, ETIENNE O ROBLES DE MEDINA, JAN C HELDER 
From the Department of Cardiology and Central Computer Department, University Hospital, Utrecht, 


The Netherlands 


SUMMARY The advent of computerised electrocardiography has been of prime importance for the 
storage and retrieval of data, but none of the available systems is of universal application for analysis 
of patterns. Future needs require hierarchical systems of increasing degrees of complexity, depending 
on the source of requests, and there should be appropriate provision for review by cardiologists before 


the final report is issued. 


Despite the fact that electrocardiography is one of 
the most important diagnostic tools at present 
available to clinical cardiologists, computerised 
electrocardiography still lacks recognition and has 
not achieved an essential place in clinical practice. 
Computer sciences and the application of com- 
puter techniques have been helpful in providing 
more insight into many electrocardiographic prob- 
lems. But in computerised electrocardiography 
emphasis has been placed on the computer rather 
than on electrocardiography: ‘“‘Electrocardiography 
has been the proving ground for many of the basic 
concepts of medical decision making by computer’’.t 
Medical decision making by computer and clinical 
electrocardiography do not, however, necessarily 
have identical goals and should be carefully 
distinguished. At present computerised electro- 
cardiography is still more an engineering project 
than a useftil and applied diagnostic tool in clinical 
cardiology. Moreover, computerised electrocardio- 
graphy has turned out to be not only the proving 
ground for medical decision making by computer, 
but also—and perhaps mainly—the playing field for 
the medical electronics industry. Our patients have 
served as testing objects for modern electrocardio- 
graphic equipment, often very sophisticated, but 
not very reliable in day-to-day use. This has all 
been at the expense of our patients and of our 
hospital budgets.* Clinical cardiologists shrug their 
shoulders over computer electrocardiography; let 
us briefly consider why this is so. 
Received for publication 11 December 1979 


State of art of electrocardiographic reading 
by computer 


For the clinical evaluation of automated processing 
of electrocardiograms ambulatory patients are used 
rather than the critically ill? Computer analysis of 
the electrocardiogram does not offer any help when 
the complexity of a particular electrocardiogram 
extends the intellectual skills of an experienced 
cardiologist. 

For those patients with complex arrhythmias 
and/or complicated QRS patterns, computer 
diagnosis is not very helpful, a state of affairs which 
may not change within the next decade.* Up till 
now automated processing of electrocardiography 
has neither contributed to expertise in reading of 
clinical electrocardiograms nor to better under- 
standing of the fundamental electrophysiological 
properties of the heart. In addition, computer 
analysis of the electrocardiogram is,-in general, no 
more accurate than a trained electrocardiographer 
for routine reading of electrocardiograms of a 
hospital population.? In our experience it could not 
compete with respect to the cost or speed of reading 
of electrocardiograms, provided the human reader 
is provided with proper organisational tools, 
including support facilities.* 

These unfavourable judgments, however, are 
only valid for those hospitals that have experienced 
and sophisticated facilities for reading electrocardio- 
grams. 'lhere are undoubtedly many electro- 
cardiographic services in smaller hospitals and 
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remote places without highly skilled electrocardio- 
graphers to perform their routine readings of 
electrocardiograms. In those places computer 
electrocardiography may and probably does provide 
better and cheaper reading of electrocardiograms.* 


Current clinical electrocardiography 


All are aware of the contribution of electrocardio- 
graphy to the diagnosis and treatment of all sorts 
of patients in clinical as well as in epidemiological 
studies, for men in outer space, for sports medicine, 
and other fields. Modern medicine would certainly 
suffer if electrocardiography were to be removed 
from it. 


INADEQUATE STORAGE AND RETRIEVAL 
FACILITIES 

Of all the electrocardiograms ever made probably 
more than 90 per cent are neatly folded and kept 
in an envelope in the private file of a doctor some- 
where, somehow, or in the patients’ data files of 
hospitals. In the same envelope or file the results of 
physical examinations as well as the outcome of 
laboratory tests, often illegible, can be found. The 
name of the patient, his initials, his date of birth, 
and the date the electrocardiogram was recorded 
may not have been noted on the electrocardiogram; 
in addition, the 1 mV calibration and the notation 
of the leads on the strip may be absent. Seldom is 
such an electrocardiogram of good technical 
quality, without artefacts, alternating current 
interference, or baseline drift caused by loosely 
fitted electrodes. Moreover, it is very difficult, if 
not impossible, to retrieve such electrocardiograms, 
for instance when needed for training purposes. An 
immeasurable amount of electrocardiographic data 
which could be useful for clinical or epidemiological 
cardiology is thus quite inaccessible and, to all 
intents, lost forever. 


LACK OF STANDARDISATION 

The worldwide application of electrocardiography 
is paradoxically matched by a total lack of uniformity 
in electrocardiography equipment and by a 
Babylonian confusion in electrocardiographic ter- 
minology, classification, and criteria. This causes 
a complete lack of any worldwide, national, or even 
local system for storage, retrieval, and analysis of 
electrocardiograms, and interferes with exchange 
of electrocardiographic data between doctors, 
hospitals, cities, and countries which is so vital for 
diagnosis and treatment of cardiac patients and 
important for epidemiological purposes. 
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: Advantages of computer-assisted 


electrocardiography 


Computerised electrocardiography, if it becomes a 
reliable and standardised method, can and will 
modify all these shortcomings, because computers 
require organisation and well-defined circumstances. 
Computerised electrocardiography will take care of 
storage, retrieval, and routine analysis of electro- 
cardiograms. It will eliminate the recording and 
thus the storage of electrocardiograms of poor 
technical quality and of electrocardiograms without 
the necessary identification data of the patient. It 
will, one hopes, make electrocardiography tech- 
nically as reliable in operation as a well-functioning 
telephone system. Computerised electrocardiography 
will force the user to organise himself to the great 
advantage of the patient whose electrocardiographic 
data will be of good technical quality and can be 
retrieved at will. This aspect of organisation seems 
to be the most important and most promising aspect 
of computer-assisted electrocardiography. 

Why do we always emphasise the weakest 
aspect of computer electrocardiography—reading 
of electrocardiograms—while storage and retrieval 
barely receive any attention? Reading of electro- 
cardiograms by computer will be helpful in handling 
large numbers of normal and well defined, easily 
recognisable abnormal electrocardiograms.* If 
reading of electrocardiograms by computer is not 
available or not desirable, an adequate electrocardio- 
graphic coding system can provide consistent 
terminology and classification which is a pre- 
requisite for fast data retrieval.7~® So, even without 
computer analysis of the electrocardiogram, the 
computer can help to organise recording, storage, 
and retrieval of electrocardiograms. By using a 
coding system embedded in simple administrative 
computer processing, we were able inexpensively to 
reduce the electrocardiographer’s time to avoid 
numerical errors and to improve standardisation of 
nomenclature.* 

For computer interpretation of clinical electro- 
cardiograms we have employed Pipberger's pro- 
gram.? On the basis of our experience it seems 
that if one considers different levels of complexity 
of electrocardiograms and present day limited 
program reliability reading of electrocardiograms 
by computer can and should be improved. 


Future of computerised electrocardiography 


STANDARDISATION OF TERMINOLOGY AND 
CRITERIA 

At the tenth Bethesda conference on optimal 
electrocardiography a special task force was assigned 
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Computerised electrocardiography 


to consider the quality of electrocardiographic 
recording. Definite requirements have been 


. outlined for technician training, record format, lead 


nomenclature, electrocardiographic instrumenta- 
tion, functional performance, standards for trans- 
mission of electrocardiograms, and computer 
acquisition and technical training criteria. Thus 
the requirements for the hardware aspects of 
(computer-assisted) electrocardiography are well 
established for the future. However, only the first 
tentative steps have been taken by the World Health 
Organisation and the American College of Cardi- 
ology to reach an agreement on standardisation of 
terminology and interpretation.? What has been 
possible for aviation should be possible for electro- 
cardiography as well. Standardisation of terminology 
is one of the cornerstones of present day worldwide 
air traffic facilities. Why not try to reach the same 
agreements for electrocardiography? A task force 
of the World Health Organisation has just published 
a report on definitions of terms related to cardiac 
rhythm" and a classification of cardiac arrhythmias 
which also may facilitate coding and analysis of 
electrocardiograms.!* The QRS complex and ST-T 
segment, however, still remain terra incognita as 
far as any standardisation and/or definition of terms, 
let alone criteria, are concerned. Computerised 
electrocardiography certainly will force clinicians 
to reach agreement on criteria and nomenclature, 
but we still face a long road. 

So, one major aspect of future development will 
be a worldwide accepted terminology for interpre- 
tation and coding of electrocardiograms. 


ORGANISATION 

In hospitals computer-assisted electrocardiography 
can be integrated into a total information system. 
This makes it possible to combine and correlate 
electrocardiographic data with other clinical in- 
formation such as biochemical tests, x-ray reports, 
and the like. In addition, accounting facilities that 
can be linked with computerised electrocardio- 
graphy may prove of importance for hospital 
administration. 

The need for larger systems may be counter- 
balanced by the development and application of 
microprocessors which can be used in the electro- 
cardiographic trolleys themselves. Besides signal 
control and signal improvement, unconfirmed 
reports will then be produced at the bedside, 
while overreading and storage of the electro- 
cardiograms will take place in a large data base 
eventually connected with or integrated into a larger 
hospital information system. Non-routine electro- 
cardiography like ambulatory and exercise electro- 
cardiography will profit from specialised computer 
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applications derived from standard processing of 
electrocardiograms such as data reduction capacity, 
indefatiguability, reproducibility, and computational 
power. g 


HIERARCHICAL ANALYSIS PROGRAM 

There will always be electrocardiograms so 
difficult and complex that computer analysis is 
impossible. The same holds true for human reading. 
Every experienced electrocardiographer will admit 
that sometimes, if not often, electrocardiograms 
defy his skills. 

So, if the future is to bring us fully integrated 
computer systems for handling the daily load of 
electrocardiograms we must face the fact that the 
development of one sophisticated program that is 
able to analyse all electrocardiograms without too 
many mistakes within a limited time period can be 
compared with the pursuit of a mirage. If we 
accept this axiom we should stop trying to develop 
programs which can handle every kind of electro- 
cardiogram including the very complex and rare— 
the human brain is more suited for this. If computer 
reading of electrocardiograms should develop into 
a respected and useful clinical technique, one that 
can also help patients with complicated electro- 
cardiographic abnormalities, we need a realistic 
approach based on clinical pragmatism rather 
than on wishful thinking. Such an approach could 
be the development of hierarchical programs. This 
would allow for more time and money for other 
important aspects of computer-assisted electro- 
cardiography, such as storage and retrieval of the 
tracings and numerical data. 

The first program should be used for electro- 
cardiograms drawn from epidemiological studies, 
general practice, and small peripheral hospitals. 
From these sources we may expect a large number 
of normal electrocardiograms. Most available 
computer programs will handle these well? * The 
program itself should be able to identify the 
electrocardiograms of ‘a level of complexity un- 
suitable for that program. The most important 
feature missing in present-day programs is a 
decision by the computer that its diagnostic state- 
ment about a particular electrocardiogram is 
unreliable or uncertain. 

A second program should automatically be 
called into operation for more complex electro- 
cardiograms or, for instance, for electrocardiograms 
coming from sources where as a rule abnormal 
electrocardiograms are being produced. This 
program should at least be able to diagnose the 
most common arrhythmias like normal sinus 
rhythm with premature complexes or atrial 
fibrillation or otherwise state: ‘‘undefined rhythm, 
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for subsequent reading by a cardiologist”. The pro- 
gram should further provide a reliable QRS-ST-T 
analysis, and again a warning statement should the 
program be unable to handle the electrocardiogram. 
If possible, it should provide facilities for compari- 
son with previous electrocardiograms. 

The third and most sophisticated program should 
handle the difficult electrocardiograms from patients 
in coronary and postsurgical intensive care units. 
These electrocardiograms usually defy conventional 
computer analysis. Thus a special program is 
needed which should also perform a sophisticated 
rhythm analysis.5 For those electrocardiograms 
with the highest level of complexity which the third 
program cannot handle, a cardiologist is essential. 

The future should therefore bring us three 
different programs each standing on top of the 
other, or a three-in-one package which, together 
with human assistance and reading, will provide 
expert reading of all electrocardiograms. 

This approach will save computer time, computer 
memory, and last but not least, will employ the 
human mind for those problems it is most suited 
for, namely the unique ones. The present approach 
using one program for all electrocardiograms can 
be termed a failure, at least as far as its contribution 
to clinical cardiology is concerned. 
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. Collateral arteries in pulmonary atresia with 


ventricular septal defect 
A precarious blood supply 


SHEILA G HAWORTH* 
From the Department of Paediatric Cardiology, Institute of Child Health, Guilford Street, London 


SUMMARY In pulmonary atresia with ventricular septal defect and major aortopulmonary collateral 
arteries lung growth and survival depend on the size and continued patency of the collateral arteries. 
Arterial structure was examined in 13 collaterals, taken from the necropsy specimens of seven children, 
six of whom died during the first seven months of life. Serial reconstruction was made of two collaterals, 
from the aorta to the intrapulmonary vessels, and the other collaterals were examined by taking sections 
at intervals along the same course. 

The collateral arteries arose from the aorta either as elastic vessels with a wide lumen or as muscular 
arteries when they were stenosed. Nearly all vessels rapidly came to resemble muscular systemic 
arteries, the external and lumen diameter becoming smaller. All collateral arteries save one showed 
areas of intimal proliferation which varied in the extent to which they surrounded and encroached on 
the lumen. In addition, four collaterals contained large intimal cushions which severely narrowed or 
even occluded the lumen. At the anastomosis of collateral and intrapulmonary artery intimal cushions 
were seen in all collaterals examined and the extent to which the structures reduced lumen diameter 
varied. The structure of collaterals is compared with that of growing systemic arteries and the ductus 
arteriosus, emphasis being given to the different types of intimal change. The clinical relevance of these 


findings is discussed. 


The major aortopulmonary collateral arteries found 
in pulmonary atresia with ventricular septal defect 
either anastomose with a lobar pulmonary artery, 
with a segmental intrapulmonary artery or, less 
commonly, with a central pulmonary artery.1 The 
segmental pulmonary arteries which anastomose 
with collateral arteries have no connection with 
the sixth arch or its branches within the lung. 
They do not differ either structurally or in their 
branching pattern from intrapulmonary arteries 
connected to central pulmonary arteries. Thus the 
term collateral artery refers only to the vessel 
connecting the aorta with the pulmonary segment. 

Survival depends on the continued patency of 
the collateral arteries. In a large collateral some 
narrowing is desirable to reduce the systemic 
arterial pressure to a level more appropriate to the 
pulmonary circulation, but the degree of stenosis 
is critical because lung growth depends on the 
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cross-sectional area of the collateral being adequate. 
Stenoses are seen radiologically and at necropsy, 
either as a localised constriction where the collateral 
arises from the aorta or where it anastomoses with 
a pulmonary artery, or as a narrowed segment. 
One collateral artery may be stenosed at several 
points. 

Wall structure was examined in 13 collateral 
arteries, taken from seven published cases of pul- 
monary atresia with ventricular septal defect and 
major aortopulmonary collateral arteries.! The 
purpose of the present study was to assess the 
probability of collateral arteries remaining patent 
and growing as the child grows, the possibility 
of collateral arteries being able to constrict, and 
how their wall structure compared with that of 
systemic arteries and the ductus arteriosus. In 
addition, the structure of the collateral and large 
intrapulmonary arteries was considered in relation 
to the most suitable site for insertion of an aorto- 
pulmonary anastomosis or a rigbt ventricular 
conduit. 
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Materials and methods 
Collateral arterial structure was studied micro- 
scopically in 13 arteries taken at. random from 
seven cases of pulmonary atresia with ventricular 
septal defect and major aortopulmonary collateral 
arteries. Serial reconstructions were made of two 
collaterals from the aorta to the intrapulmonary 
vessels, and the other collaterals were examined 
by taking sections at intervals along the same 
course (Table). The collaterals were always cut in 
transverse section, with the exception of one serial 
study in which a very tortuous artery was occasion- 
ally cut in longitudinal section. The sections were 
stained with Miller’s elastic van Gieson stain and 
with a haematoxylin and eosin stain, except for the 
serial sections, all of which were stained with 
Miller's elastic van Gieson stain. ` 

Emphasis was given to the following features: 
(1) the sequence of change in wall structure between 
the aorta and the lung, (2) the amount and distri- 
bution of elastic tissue and smooth muscle cells 
in the vessel wall, (3) intimal proliferation or 
cushions, and (4) splitting and fragmentation of the 
internal and external elastic laminae. 


Results 


Seven of the 13 collateral vessels arose from the 
aorta as relatively thin-walled elastic arteries with 
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a large lumen (Table, Fig. 1). The remaining six 
collaterals were constricted, being thick-walled and 
muscular near their origin. All the collaterals save 
two had a predominantly muscular arterial wall 
structure throughout most of their course between 
aorta and lung, the remaining two vessels having 
a musculoelastic structure (Table). At the hilum of 
the lung 12 of the 13 collaterals connected with a 
segmental intrapulmonary artery and provided the 
only source of blood supply to those segments. 
As such a collateral artery approached a segmental 
bronchus it dilated and the wall became elastic 
in structure (Fig. 1). The remaining collateral 
anastomosed with a lower lobe branch of a centrally 
connected pulmonary artery which supplied an 
entire lung (Fig. 1). This collateral was thick- 
walled at the hilum and anastomosed with a thick- 
walled pulmonary artery. 

Microscopically, the structure varied in each 
collateral artery along its course and in different 
collaterals, as shown by findings in two serial 
reconstructions. 


SERIAL RECONSTRUCTION—CASE A 

'This collateral was not constricted at its origin 
from the aorta and the vessel wall was composed 
largely of long, unbroken elastic fibres (Fig. 2a). 
Gradually the elastic fibres became thinner and 
were separated by smooth muscle cells which 
occupied a progressively greater proportion of the 


Table Material. technique of examination, and summary of results , 








Case Age No. of Technique of Aortic origin Muscular mid-portion Collateral pulmonary 
collaterals examination PA function arterial 
structure 
A 12 days 1 Serial sections Not narrowed IP ic Normal 
B 6 weeks 4 Step sections Not narrowed — IC Normal 
Step sections Not narrowed IP ? Normal 
Step sections Not narrowed IP ? Normal 
Step sections Not narrowed IP ? Normal 
G 3 months 2 * Step sections Narrowed IP+ IC++ Normal 
Step sections Narrowed IP+ ++ IC+++ Normal 
Ic 
D 4 months 1 Step sections Narrowed IP++4+ ? Normal 
IC 
Lumen obliterated 
5 months 1 Serial sections Not narrowed IP+ Ic Normal 
7 months 2 Step sections Narrowed IP+ ++ IC Normal 
Step sections Narrowed IP++ Ic Normal 
IC 
G 3 years 2 Step sections Narrowed Musculoelastic Ic+++ Normal 
IP 
Step sections Not narrowed Musculoelastic ? ? 
IP 
IC 





IP, intimal proliferation; IC, intimal cushion; ?, indicates structure not examined; PA, pulmonary artery; +, indicates size. 
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vessel wall as the collateral proceeded towards the 
lung. The subendothelial elastic fibres condensed 
into an internal elastic lamina, and short fine 
fragmented fibres lay in the intima. The external 
elastic lamina did not entirely surround the circum- 
ference of the vessel. The majority of elastic fibres 
merged into the adventitia. Thus, as the elastic 
lamellae disappeared a distinct media was formed 
and the elastic became a muscular artery. The 
external diameter decreased, and relative wall 
thickness increased. 

In the distal half of the collateral eccentric areas 
of intimal proliferation were superimposed on 
an expanded media (Fig. 2b). In this region 
relative wall thickness increased to 23-4 per cent. 
Intimal proliferation did not entirely surround the 
lumen of the collateral at any point along its length 
and decreased as the collateral approached the 
hilum of the lung. Nearing the hilum, the propor- 
tion of elastic to muscular tissue increased and the 
vessel dilated. At this point approximately one-fifth 
of its circumference was covered by an intimal 
cushion which did not significantly narrow the 
lumen. Within the lung no intimal cushions were 





Fig. 1 Diagram to illustrate the possible variation in 
collateral arterial structure showing, in the right lower 
lobe from above downwards, a branching collateral artery 
with a relatively large lumen, a collateral with a wide 
origin but thick muscular wall distally with intimal 
proliferation, and a collateral stenosed at its origin from 
the aorta. In the left lung a large collateral anastomosis 
with the lower lobe pulmonary artery. Solid lines indicate 
intrapulmonary arteries, the solid outlines indicate 
muscular walled collateral arteries, and the interrupted 
lines imdicate the elastic portion of a collateral artery 
and the aorta. 
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Fig. 2 (a) Scale drawing of serial reconstruction— 
case A (magnification ~ 10) showing the reduction in 
external diameter in the muscular portion of the collateral 
which is exaggerated where intimal proliferation (------ ) 
is most pronounced. X = plane of section of Fig. 2b. 
Abbreviations : E, elastic wall ; M, muscular wall. 

(b) Transverse section of collateral artery, showing a 
muscular wall structure and an area of intimal 
proliferation (magnification x 43). 

Abbreviations : IL, internal elastic lamina ; EL, external 
elastic lamina ; IP, intimal proliferation. 
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seen and the vessel had a structure of a normally 
connected pulmonary artery. 


SERIAL RECONSTRUCTION—CASE E 

The structural features of this collateral are illustra- 
ted in Fig. 3. Intimal cushions were found at each 
branching point, becoming smaller with each 
successive division (Fig. 3c and d). 

The small collateral destined to join the upper 
lobar pulmonary artery had a thick media with 
internal and external elastic laminae. Intimal 
proliferation covered approximately half the cir- 
cumference and consisted of an inner layer of fine 
elastic fibres and an adluminal layer of relatively 
acellular amorphous material (Fig. 3d). The large 
parent collateral artery divided again. One vessel 
remained thick-walled, and in the other intimal 
cushions developed and beyond this the arterial wall 
became thin, the proportion of elastic fibres in- 
creasing in relation[to the amount of smooth muscle. 
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At this point the vessel became a segmental pul- 
monary artery of the left lower lobe (Fig. 3d). 


ADDITIONAL FEATURES PRESENT IN THESE 
AND OTHER COLLATERAL ARTERIES 

(1) Aortic origin 

Six collateral arteries were narrowed at their 
aortic origin. At this point, all showed an extremely 
thick muscular media from which fleshy tongues of 
muscle encroached on the lumen (Fig. 4). Thick 
bundles of longitudinal muscle cells lay in the 
outer half of the media and circumferentially and 
obliquely orientated muscle cells lay beneath a 
reduplicated internal elastic lamina. 


(2) Mid section 

In the mid section of all save two collaterals the 
arterial wall changed from an elastic to a muscular 
structure approximately 1:5 to 2 cm from the aorta. 
External diameter decreased and relative wall 





a) b) 


Length after fixation = 1.8 cm 


Fig. 3 Serial reconstruction—case E. Line drawing of a 
collateral artery, from the aorta to where its branches join 


segmental intrapulmonary arteries. Photomicrographs (a)-(d) are 


sections taken at the points indicated on the diagram. 
(a) collateral arising from the aorta ( » 13-4), showing its 


elastic structure. (b) Muscular mid portion, showing thick media 
between internal and elastic laminae and intimal proliferation. 


Note variation in structure around circumference of vessel, 


particularly in amount of elastic material in media and intima 

( ~28). (c) Intimal cushions protrude into lumen at a branching 
28). 
(d) Lowest branch of collateral joins segmental intrapulmonary 
artery, beyond intimal cushions ( « 13). All sections stained 

with Miller's elastic stain. Abbreviations: ULPA, upper lobe 


point. Internal elastic lamina splits at edge of cushions ( 


pulmonary artery ; LLPA, lower lobe pulmonary artery ; 
IL, internal elastic lamina; EL, external elastic lamina ; 
IP, intimal proliferation; IC, intimal cushion, 
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thickness increased (Fig. 2, 3, 5, and 6), causing 
segmental narrowing in all instances, sometimes 
of a severe degree (Fig. 5 and 6). 

The remaining two collateral arteries (case G) 
had a large lumen. Both had a musculoelastic wall 
structure. A broken external elastic lamina and a 
broken, frequently splitting internal elastic lamina 
bounded a media composed of smooth muscle cells 





Fig. 4 Transverse sections of a collateral narrowed at 
its aortic origin, showing a thick media, extensions of 
which project into the lumen ( Miller's elastic stain « 29). 





10 
interspersed with long, fine elastic’ fibres, forming 
4 to 8 elastic laminae. 

All the collateral arteries save one showed areas 
of intimal proliferation and, in four, intimal 
cushions projected into the lumen (Table). 


(3) Collateral-pulmonary artery anastomosis 
In all vessels in which the structure of the collateral- 
pulmonary artery anastomosis was examined, near 
or within the hilum of the lung intimal cushions 
projected into the lumen, reducing its cross- 
sectional area (Fig. 3d). In three collaterals, large 
cushions were covered by a thick layer of amorphous 
material. Beyond this point the muscular wall 
gradually became elastic, until within the lung 
parenchyma the wall structure was that of an 
elastic pulmonary artery (Fig. 7). The pulmonary 
arteries were dilated where they connected with a 
collateral artery, occasionally producing a sinusoidal 
cavity from which arose abnormally small segmental 
arteries. 

Irrespective of the severity of luminal narrowing 
produced by the intimal mounds, the distal pul- 
monary arteries were invariably patent. 


STRUCTURE OF INTIMAL CUSHIONS 

The type of intimal change varied along the 
course of each collateral and also in the same 
region of different collaterals. In the muscular 





Fig. 5 Transverse section of the mid portion of a 
collateral at a region of segmental narrowing. The lumen 
of this muscular artery is almost totally obliterated by 
intimal proliferation and cushion formation, and a layer 
of amorphous material containing no elastic tissue 

( Miller^s elastic stain x 17). 

Abbreviations : IL, internal elastic lamina; EL, external 
elastic lamina ; M, media; IC, intimal cushion; PA, 
pulmonary artery. 
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Transverse section of the mid portion of a 
collateral at a region of segmental narrowing, showing a 
thick media and narrowing of the lumen by intimal 
proliferation and mound formation. Intimal mounds 
contain fine elastic fibres and are covered with a layer of 


Fig. 6 


acellular material ( Miller's elastic stain » 38). 


mid-section two types of intimal change occurred, 
either small areas of intimal proliferation or large 
intimal cushions. Small areas of proliferation were 
present in nearly all cases, even at 12 days of age 
(Fig. 2b). They varied in size, but did not cause 
significant narrowing of the lumen. By contrast, 
large intimal cushions occurred in only four 
collaterals, but in all they narrowed or even obliter- 
ated the lumen (Fig. 5 and 6). At the margin of all 
areas of intimal proliferation and cushion forma- 
tion, the dense internal elastic lamina usually split, 
a larger proportion continuing as a broken internal 
elastic lamina, the adluminal part splitting into fine 
fragmented fibres lying within the expanded 
intima. 

The cushions contained many collagen fibres. 
Towards the lumen of the vessel the cushions 
became progressively less cellular, contained fewer 
elastin and collagen fibres, and were frequently 
covered by amorphous and relatively acellular 
material. No subendothelial elastic lamina was 
present. Beneath the cushion the smooth muscle 
of the media was often thinned and the cells were 
no longer arranged in a regular concentric manner, 
but ran in an oblique, irregular fashion between 
broken internal and external elastic larpinae 
(Fig. 5). Bundles of longitudinal muscle fibres 
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frequently lay on either side of the internal elastic 
lamina. The number of elastic fibres usually 
increased considerably in relation to the amount 
of smooth muscle. 

In three of the four collateral arteries containing 
large cushions the outer third of the media showed 
hyaline change, and at this point the lumen was 
entirely surrounded by intimal proliferation and 
cushion formation. 

At the branching point of a collateral artery the 
intimal cushions were more clearly defined struc- 
tures than those described above (Fig. 3c). They 
consisted of long thin branching elastic fibres, 
generally running circumferentially around the 
lumen. They did not have a thick subendothelial 
elastic lamina, and were not covered by layers of 
amorphous material. The intimal cushions present 
at the junction of a collateral and a segmental 
pulmonary artery were smaller than those found 
at the branching points, but had a similar discrete 
appearance (Fig. 3d). In this position, occasionally 
a thick layer of intimal proliferation, sometimes 
with a layer of amorphous material, was super- 
imposed on a well-defined intimal cushion. 


Discussion 


Findings in the present study help to explain the 
radiological appearances of the collateral arteries 
during life. As they arose from the aorta some 
vessels generally had an elastic wall structure 
and a wide lumen, but others were constricted at 
their origin because of a thick muscle wall. The 
external and lumen diameter of the collaterals 





Fig. 7 Cross-section of lung showing an intrapulmonary 
artery which was connected proximally to a collateral 
artery. The vessel has the elastic wall structure of a 


typicaé pulmonary artery ( Miller's elastic stain « 21). 
Abbreviations : Br, bronchus; PA, pulmonary artery. 


narrowed as the elastic vessels came to resemble 
muscular systemic arteries. Four vessels contained 
an extremely narrow segment composed of a thick 
muscle wall with intimal proliferation and cushion 
formation. At the anastomosis of a collateral with 
a pulmonary artery intimal cushions were seen in 
all the collaterals examined, but the extent to which 
these structures reduced the lumen diameter 
varied. Distally the pulmonary artery was large, 
irrespective of the severity of stenosis, and some- 
times showed post-stenotic dilatation. 

In pulmonary atresia with ventricular septal 
defect and major aortopulmonary collateral arteries, 
survival depends on the collateral arteries. Intimal 
proliferation and cushion formation was found in 
the majority of collaterals examined and in several 
the lumen was almost or totally occluded. Not all 
the intimal change, however, was necessarily 
pathological. The small areas of intimal proliferation 
found in the muscular mid-section of the collaterals 
were structurally similar to those described by 
Robertson? in the brachial, popliteal, and coronary 
arteries of the fetus and by Dock," in the coronary 
arteries of the newborn. Robertson?' did not 
regard these fetal cushions as pathological. The 
normal development of intimal pads in systemic 
arteries might explain their presence in the col- 
lateral arteries of young infants. In systemic 
arteries, the function of intimal pads is not under- 
stood, but they may represent growing points and 
might also strengthen the vessel wall. Pulsatile 
stress is thought to stimulate cushion formation, 
stimulating longitudinal orientation of medial 
muscle and the formation of muscle in the 
intima.* * Collateral arteries are, of course, subject 
to the pulsatile stress of the thoracic aorta. 

As in the present study, intimal cushions or 
pads have been described at the branching points of 
brachial, popliteal, and cerebral arteries in the 
fetus and are thought to have a supportive func- 
tion. * ^ They have not been described in the 
fetal and newborn lung (A Hislop, 1980, personal 
communication), but in the adult they are present 
at the mouths of lateral branches arising from the 
segmental axial artery.’ 

Intimal cushions were also present at the site of 
anastomosis between a collateral and intrapul- 
monary artery, the site at which these vessels are 
probably normally connected in early fetal life 
and then, presumably, in the normal fetus, are 
later disconnected when the intrapulmonary ar- 
teries become exclusively connected to the sixth 
arch. In this position, the intimal cushions were 
frequently covered by a thick layer of intimal 
proliferation and a superficial relatively structure- 
less layer. This appearance suggests that super- 
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imposed on discrete intimal cushions, layers of 
intimal proliferation caused progressive narrowing 
of the vessel lumen. 

It may be that intimal pads develop in utero in 
collateral and in normal arteries, and in both are the 
site of early obliterative change.?* The intimal 
cushions present in the muscular mid-section of 
several collaterals were larger than those previously 
discussed and less discrete. In some collaterals 
remnants of intimal cushions could be seen beneath 
a less structured layer of intimal proliferation 
containing relatively little elastic material. The 
basic structure of collateral arteries may predispose 
them to obliterative change. The collateral arteries 
described in the present study had a thick muscular 
wall, whereas large conducting arteries so close to 
the thoracic aorta normally have a predominantly 
elastic wall structure. The muscular collateral 
arteries are presumably less distensible and are 
also capable of contracting in response to a high 
distending pressure. When the lumen is narrowed 
the velocity of flow increases, increasing the 
shearing stress on the endothelium and the likeli- 
hood of producing intimal damage and pro- 
liferative change.” 

The structure of the narrowed collateral arteries 
resembled that of a normally closing ductus 
arteriosus. Like the ductus, the collaterals re- 
sembled muscular systemic arteries and several 
contained intimal cushions structurally similar 
to ductal cushions. Like the normally closing 
ductus arteriosus, no subendothelial elastic lamina 
was present. In both collateral arteries and the 
ductus arteriosus areas of cytolytic necrosis and 
mucoid lakes occurred in the inner media and base 
of the intimal cushions. These similarities may 
indicate only that the structural mechanism by 
which these muscular arteries, or indeed any 
muscular artery, are obliterated is similar, irres- 
pective of the functional stimulus which provokes 
the change. Alternatively, the structural similarities 
between the narrowed collateral arteries and 
closing ductus arteriosus and the propensity for 
both channels to close in early postnatal life may 
imply that both structures are persistent fetal 
channels which are destined to close. Boyden? 
suggested that collateral arteries are persistent 
segmental arteries which normally close about 50 
days after ovulation. We might therefore be wit- 
nessing delayed “normal” closure of segmental 
arteries in infants with pulmonary atresia and 
ventricular septal defect. This could explain why 
severe obliterative change was found in such young 
infants. A high transmural pressure-alone might not 
be sufficient to produce such severe obliterative 
change so rapidly. 
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Clearly, not all collateral arteries become severely 
narrowed because some children with pulmonary 
atresia, ventricular septal defect, and major aorto- 
pulmonary collateral arteries reach adolescence. 
There is evidence to suggest that the variable . 
natural history might be a result of a basic structural! 
difference in the collateral arteries. In the present 
study two thin-walled collateral arteries present 
in the 3-year-old child contained a greater amount 
of elastic tissue than did the collaterals of the 
younger cases. Two large collateral arteries in a 
7-year-old child, not included in the present 
series, had a wall composed of densely packed 
elastic laminae. In these four collaterals, intimal 
change was less frequent and less severe than in the 
muscular collateral arteries and though the mid- 
section of one collateral contained a large intimal 
cushion this did not produce significant narrowing 
of the wide lumen. 

The difference between the wall structure of 
collaterals with a relatively large lumen found in 
older children and that in the majority of collateral 
arteries in the infant group is similar to that 
between the persistently patent and normally 
closing ductus arteriosus. A persistent ductus 


-arteriosus usually contains more elastic tissue 


than a normally closing ductus, sometimes showing 
lamella formation. A patent ductus is, however, 
characterised by a wavy unfragmented subendothe- 
lial elastic lamina which continues as a thick fibre 
on top of the cushions, while in the collateral arteries 
this elastic lamina became fragmented within the 
cushions. 

These observations suggest that collateral arteries 
containing a greater proportion of elastic rather 
than smooth muscle tissue are larger and remain 
patent for a longer period of time than do muscular 
collateral arteries. It is also possible that an increase 
in elastin is secondary to prolonged patency. In 
the ductus arteriosus, however, there was no relation 
between age and the occurrence of a subendothelial 
lamina and the amount of elastic material in the 
ductus wall.5 Further studies of collateral arterial 
structure in older patients are obviously necessary. 


CLINICAL IMPLICATIONS 

The question arises as to whether any pharma- 
cological agent might encourage the collateral 
arteries to remain patent. Prostaglandin E, dilates 
the normally closing ductus, but a structural 
similarity between the closing ductus and a closing 
collateral artery does not necessarily imply a 
functional similarity. Moreover, to be effective 
prostaglandins would have to be given prophylacti- 
cally from birth since once fibrous obliteyative 
change is present and the media is thinned the 
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vessel is unlikely to respond to any vasodilator 
drug. 

A necropsy study obviously gives a biased 
impression of the natural history of any condition. 
Findings in the present study, however, indicate 
that in young infants with pulmonary atresia, 
ventricular septal defect, and major aortopulmonary 
collateral arteries, the collateral arteries can undergo 
obliterative change, and are unlikely to increase 
in size as the child grows. These observations help 
explain why infants with this anomaly frequently 
become increasingly cyanosed during the first 
months of life. Furthermore, quantitative morpho- 
metric analysis of areas of lung periphery perfused 
by the collateral arteries described in the present 
series, showed impaired lung growth, usually 
because of hypoperfusion. Because large occlusive 
intimal cushions can develop at the junction of 
collateral and intrapulmonary arteries, an aorto- 
pulmonary anastomosis or a right ventricular 
conduit should be inserted beyond the collateral 
artery, at the origin of the intrapulmonary vessel. 


The author thanks Professor C Berry for advice in 
the preparation of this manuscript, and Dr Gitten- 
berger-de Groot for stimulating and helpful 
discussion. 
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SUMMARY In 11 necropsy specimens of pulmonary atresia with ventricular septal defect and major 
aortopulmonary collateral arteries, central pulmonary arteries were present in all cases, supplied by 
collateral arteries which anastomosed with a lobar pulmonary artery or, less commonly, with a central 
pulmonary artery. These normally connected pulmonary arteries freauently perfused only a minority 
of bronchopulmonary segments. 'The remaining segments were connected to collateral arteries which, 
within the lung, were continuous with vessels which had the structure of normally connected vessels 
and branched with the pre- and intra-acinar airways in a normal manner to perfuse the alveolar capillary 
bed. These collateral arteries and the intrapulmonary vessels with which they anastomosed had no 
connection, either macroscopically or microscopically, with either the central pulmonary arteries or 
their branches within the lung. Irrespective of the type of proximal connection, the segmental pulmonary 
arteries were generally abnormally small. Stenoses occurred in 58-8 per cent of collateral arteries, 
usually as a thick-walled narrowed muscular section between the aorta and lung. Microscopically, 


„quantitative morphometric analysis showed that within the respiratory unit the pulmonary circulation 


had failed to grow normally in all save the youngest patient dying at 12 days of age. The structural 
changes were usually consistent with a reduction in pulmonary blood flow; only three cases contained 
any segments of lung showing structural evidence of pulmonary hypertension. These anatomical and 
histological findings are discussed in relation to the embryology, nomenclature, and natural history of 
pulmonary atresia with ventricular septal defect and major aortopulmonary collateral arteries. The 
structural findings provide a rational basis for the clinical management of this condition. 


The preoperative assessment of pulmonary atresia hence prognosis, but its growth and development 
with ventricular septal defect and major aorto- has not previously been studied in this condition. 
pulmonary collateral arteries has been improved by In an attempt to provide a rational basis for 
selective catheterisation of the collateral arteries. treatment, the central pulmonary arteries and 
Corrective surgery is now possible using valve- collateral arteries were traced from their origin to 
bearing conduits to establish continuity between the lung periphery in 11 necropsy specimens. 
the right ventricle and pulmonary circulation. The Peripheral lung structure was analysed using 
management of this condition remains imperfect, quantitative morphometric techniques. 
however, mainly because the anatomy of the pul- 
monary circulation is poorly understood. Radio- Subjects and methods 
logical, haemodynamic, and surgical studies often 
provide an incomplete picture of the source of The lungs of 11 patients who died between 1950 
pulmonary blood supply and the intrapulmonary and 1978 were studied (Table 1). Cyanosis was 
arterial branching pattern. In addition, the structure noted within the first two days in four babies, 
of the pulmonary circulation at alveolar level within the first two months in a further four, at 
determines pulmonary vascular resistance and 5 months in case 7, and at 2 years in the remaining 
documented case (one case was undocumented). 
Received for publication 17; August 1979 Nine children underwent cardiac catheterisation. 
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Table 1 
Ne. bronchopulmonary 
Case Age at death Sex No. of collaterals Destination of segments connected 
no. to each lung collaterals to central PA 
Right Left Right Left Right Left 

1 12 days M 2 t RPA +P P 3 2 

2 15 days M 2 2 P ULPA+P 8 3 

3 1 month F 2 1 P LPA 6 9 

4 1-5 months M 3 3 ULPA+P P 3 0 

5 3 months M 2 l P LLPA 4 9 

6 4 months F 3 2 P ULPA +P 1 3 

7 5 months M 4 1 ULPA+P P 1 3 

8 5 months F 3 0 LLPA+P — 4 9 

9 5 months F 3 2 P LLPA +P 6 3 

0 7 months F 2 3 ULPA+P P 8 0 

l 3 years M 3 3 ULPA+P LLPA+P 5 3 





PA, pulmonary artery; ULPA, upper lobe pulmonary artery; LLPA, lower lobe pulmonary artery; P, parenchyma supplied by collaterals 


not connected to central pulmonary arteries or their branches. 


Central pulmonary arteries were demonstrated in 
six patients, but selective angiography of the colla- 
teral arteries was performed in only three patients, 
those admitted after 1976. Central pulmonary 
arteries were shown in all patients in whom selec- 
tive injections were performed. Five patients did 
not receive surgical treatment. Three. others died 
at or immediately after operation and are included 
in the untreated group. In the remaining three 
patients, an aortopulmonary anastomosis increased 
pulmonary blood flow in cases 4 and 8, but an 
aortocollateral anastomosis did not increase flow in 
case 6. 


PATHOLOGICAL TECHNIQUES 

The diagnosis was confirmed at necropsy in all 
cases. Atrial situs was normal. In nine cases the 
lungs had been fixed in formalin, uninflated, for 
routine pathological study. In the other two 
specimens the pulmonary arterial circulation was 
injected with a “Micropaque” gelatin mixture and 
the lungs were fixed by inflating the airways with 
formol saline.t? In all 11 cases the bronchial 
branching pattern was traced from the hilum to 
segmental level and compared with the normal 
pattern.? By dissection, the course of each pulmon- 
ary artery and collateral artery arising from the 
aorta was mapped out on a diagram illustrating the 
normal bronchial branching pattern (Fig. 1 and 2). 
The external diameter of all arteries was measured 
at intervals along the pathways. The collateral 
arteries, central pulmonary arteries, and all arteries 
within the lung down to subsegmental level were 
examined for localised stenoses and segmental 
narrowing. Because most of the specimens were 
small and fixed, the bronchial arteries (those vessels 
arising from the plexus around the lower end of the 
trachea and carina, and running along the wall of 
the bronchi) could only be identified with certainty 


in eight cases. Radiographs were taken of the two 
injected specimens. 


Microscopical studies ; 
In the two injected specimens, after tracing the 
intrapulmonary arterial branching pattern as far as 
possible macroscopically, blocks of tissue which 
contained vessels connecting with collateral arteries 
were serially sectioned. These vessels were then 
traced to the alveolar wall. In order to study 
peripheral pulmonary vascular structure, lung tissue 
was taken from the two injected and seven uninjected. 
specimens. This gave a total of 33 blocks, in each 
of which the origin of the blood supply to the block 
had been traced macroscopically. Applying quanti- 
tative morphometric techniques, the muscularity, 
size, and number of intra-acinar* arteries was 
determined and the findings were compared with 
those in age-matched controls.4 5 In each case both 
injected and uninjected, percentage arterial wall 
thickness was calculated in a large proportion of 
vessels, for example 280 vessels in case 4. In 
arteries cut transversely, the external diameter of 
an artery was measured across two diameters by 
taking the distance “between external elastic 
laminae; wall thickness was measured from external 
to internal elastic lamina at the four sites where 
the measured diameters cut the wall and the mean 
of the four readings was used. The percentage 
medial wall thickness was then calculated as: 


2 x wall thickness 

external diameter 
In addition, in both injected and uninjected tissue 
extension of muscle into the acinus was determined. 
In the injected tissue, the external diameter of 
arteries accompanying terminal and respiratory 
bronchioli, alveolar ducts, and alveolar walls was 
* An acinus is all the lung tissue distal to a terminal bronchiolus. 


x 100 


a 
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estimated, while. in the uninjected tissue only the 
size of arteries accompanying the respiratory 
bronchioli, the most easily and accurately identifiable 
of the peripheral airways, was measured. Only in 
the injected specimens was the number of alveoli 
and arteries per unit area of lung, expressed as a 
ratio, obtained for each block of tissue. 

Out of a total of 48 collateral arteries, transverse 
sections of 13 vessels were examined at their origin 
from the aorta, midway along their course, and 
where the collateral artery first came to lie adjacent 
to a main, lobar or segmental bronchus. 

All the sections were stained with haematoxylin 
and eosin, and with Miller’s elastic van Gieson 
stain. 


Results 


In all cases, the bronchial branching pattern was 
normal, central pulmonary arteries were present, 
and pulmonary venous return was normal. A right 
aortic arch was present in three cases. 


ORIGIN OF COLLATERAL ARTERIES FROM 
AORTA 
In each case either two or three collateral arteries 
arose in close proximity from the descending 
thoracic aorta, at the inferior margin of the left 
main brochus in the presence of a left aortic arch 
and immediately below and to the right of the 
carina in the presence of a right arch. Five collateral 
arteries branched 1 to 2cm from their origin. 
Ultimately, a total of 39 collaterals from the 
descending aorta entered the lungs studied (Table 1). 
An additional six collaterals arose underneath the 
aortic arch. A further three vessels arose from a 
small artery running down the lateral margin of 
the trachea, whose origin could not be traced. 
Thus a total of 48 collateral arteries entered the 
lungs studied, the majority of which arose from the 
descending thoracic aorta. 
PULMONARY ARTERIAL BRANCHING 
PATTERN ] 
In any one case, a collateral artery might anastomose 
with either a central pulmonary artery, or a normally 
connected lobar pulmonary artery, or else enter 
the lung parenchyma and appear to branch within 
it, having no connection either with the central 
pulmonary arteries or with the vessels arising from 
them within the lung. All cases had more than one 
type of arterial connection and these could be found 
in any combination (Table 1, Fig. 1 and 2). 
Collateral arteries destined to join an upper lobe 
pulmonary artery ran posterior to the main 
bronchus, anastomosing at its superior margin with 
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Fig. 1 Pulmonary arterial branching pattern in case 5. 
The solid lines indicate the central pulmonary arteries 
and their branches, and the cross-hatched lines indicate 
collateral arteries and the intrapulmonary arteries with 
which they connect. In the right lung, the central 
pulmonary arteries only connect with the middle lobe and 
two segments of the lower lobe. Ao, aorta. 


0 


LE Tr 





Fig. 2. Pulmonary arterial branching pattern in case 4. 
The solid lines indicate the central pulmonary arteries 
and ther branches, and the cross-hatched, stippled, 
interrupted, and dotted lines, the collateral arteries and 
the intrapulmonary arteries with which they connec 
Ao, aorta. 
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the centrally connected pulmonary artery. Col- 
Jaterals to a lower lobe pulmonary artery ran 
posterior to the lower lobe bronchus, anastomosing 
at its lateral margin. Of the collateral arteries not 
‘connecting with the central or lobar pulmonary 
arteries, those vessels supplying segments of the 
upper and lower lobe usually ran posterior to the 
appropriate bronchus, save those to the anterior 
basal segment of both lower lobes and the median 
basal segment of the right lower lobe, which ran 
along the inferior margin of the main or lower lobe 
bronchi before entering the lung. On entering the 
lung, all these vessels ran towards the nearest lobar 
or segmental airway, coming to lie in the normal 
‘position of a “true” normally connected pulmonary 
artery, anterolateral to the airway. Macroscopical 
‘dissection, until at least one division beyond 
‘segmental level, showed that these vessels branched 
‘with the airways (Fig. 1 and 2). Microscopically, in 
the serial sections of injected material the intra- 
pulmonary vessels which connected to each 
‘segmental artery continued to branch with the 
airways, the small bronchioli, terminal and respira- 


> tory bronchioli, and alveolar ducts until they 


reached the capillary bed of the alveolar wall. 

Considering the group as a whole, the central 
pulmonary arteries were only connected to 93/209 
‘bronchopulmonary segments whereas the collateral 
‘arteries were the only arteries connected to a further 
‘91/209. In an additional 19 segments both centrally 
-connected and collateral arteries accompanied lobar 
and segmental airways, but further along the path- 
"way the arteries diverged, each accompanying a 
-different airway to supply a different portion of the 
‘bronchopulmonary segment. The remaining six 
‘segments were perfused by an artery running 
:alongside the trachea. Five of these segments were 
"within an upper lobe and the remaining segment 
"within a middle lobe. 

'The bronchial arteries entered four lobes which 
were perfused by collateral arteries. The remaining 
identified bronchial arteries perfused regions of 
lung connected to central pulmonary arteries. 
Enlargement of the bronchial arteries occurred in 
‘two cases, involving three lobes where the central 
pulmonary arteries were extremely small. In one 
‘injected case (case 4), a collateral artery arising from 
underneath the aortic arch gave rise to a small 
"branch which ran into the wall of the right lower lobe 
posterobasal bronchus. 

Dissection and tracing of all arteries entering the 
Tung failed to show any macroscopical connections 
«distal to the lobar bronchi between arteries con- 
-nected to the central pulmonary arteries and those 
:arisirtg from the aorta. On microscopical examina- 
ion of all lung sections, including the serial 


sections, no anastomoses were seen between 
peripheral pulmonary arteries connectéd to central 
and collateral arteries. 


SIZE OF PULMONARY ARTERIES 

The main, right, and left pulmonary arteries were 
extremely small, but were patent in all except case 8 
(Table 2). The central pulmonary arteries were 
particularly small where they had been perfused by 
retrograde flow from a collateral vessel which 
anastomosed with the lower lobe artery (cases 5, 8, 
and 9). Within the lung the arteries were usually 
abnormally small, whatever the type of proximal 
connection (Table 2). In the right lower lobe, for 
example, an approximately equal number of 
segments were connected to collateral and central 
pulmonary arteries in 8/11 cases. Nearly all the 
lower lobe arteries were small in relation to the 
size of the airway, 12 measuring less than 3 mm 
in diameter. In the three remaining specimens all 
the segments of the right lower lobe were supplied 
by a single artery and even then, in two instances, 
the vessel measured only 2-5 mm in diameter. In 
five specimens the arteries connected to a collateral 
vessel were larger than those connected to the 
central pulmonary artery (Table 2). 

The effect of an aortopulmonary anastomosis in 
an individual patient cannot obviously be judged 
from a study of postmortem material. Arterial 
size was not, however, noticeably greater in 
treated than in untreated specimens. After an 
aortocollateral anastomosis (case 6), the intra~ 
pulmonary artery connected to the collateral 
remained small, measuring 2 mm. 

The pulmonary arteries, though small, had a 
normal appearance, save in cases 9 and 12, where 
the normally connected left and right upper lobe 


Table 2 Pulmonary arterial size: external diameter 


(mm) 





Intrapulmonary arteries of 


Case Central pulmonary arteries right lower lobe, connected to 
no. ———— ————— 
Right Left Pulmonary valve Aorta 

1 3 2:5 25 28 

2 5 4 15 23 

3 5 4 25 

4* 42(APA) 3 4 3 

5 8 8 2:8 2 

6 Pp(APA) Pp 15 35 

7 25 2:5 — 25 

8 Not pp Not pp 22 6:5 

9 2:3 2 25 € 
10 45 45 T5 — 
11* 8 7 541 28 





All measurements made on fixed material. 
* Arteries distended by injection. 
APA, aortopulmonary anastomosis; pp, probe patent. 
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pulmonary arteries, respectively, were dilated and 
saccular at lobar and segmental level. 


STENOSES ] 
Dissection of the uninjected specimens showed at 
least one site of narrowing in 20/36 collateral 
arteries. A narrowed segment between the aorta 
and the lung was the commonest site of stenosis, 
present in 15 collaterals. A localised constriction 
occurred at the aortic origin of four collaterals and 
at the anastomosis of a collateral with the normally 
connected extrapulmonary or lobar pulmonary 
artery in four of the nine cases with this type of 
connection. In the two injected specimens, macro- 
scopical and radiological examination of the 12 
collateral arteries present demonstrated five 
examples of segmental narrowing of a collateral 
artery, two examples of a localised stenosis of a 
collateral at its aortic origin, and two of narrowing 
at the anastomosis of a collateral with a lobar 
pulmonary artery. Radiologically, no stenoses were 
seen at segmental level or beyond. 

In all cases, when a collateral reached a bronchus 
either at the hilum or within the lung, the vessel 
increased considerably in size and became thin 
walled immediately before it branched with the 
airways and followed the course of a normally 
connected pulmonary artery. 


MICROSCOPICAL STUDIES 
In all cases, when a collateral artery arose from the 
aorta the wall structure resembled that of a muscular 
systemic artery. Within the lung, all the collaterals 
examined connected with vessels which had the 
structure of a normal pulmonary artery with a thin 
media containing six to eight elastic laminae 
between internal and external elastic laminae. The 
detailed histological studies of collateral arterial 
structure are presented elsewhere.® 

Within the lung, in all cases the alveolar walls 
appeared normal, but the thickness of connective 
tissue septa was frequently ihcreased. 


Arterial wall structure 

Percentage medial thickness was similar in segments 
of lung perfused by centrally connected pulmonary 
arteries and by collaterals in the five cases in which 
the comparison was made, and was either normal 
or reduced (Fig. 3). Examination of the structure of 
arteries accompanying peripheral airways showed 
that muscle extended as far along the arterial 
pathway as is normal for age, save in the oldest 
child, case 11, where muscle failed to extend as 
far along the pathway as normal. In three cases, a 
total of four segments contained vessels showing 
eccentric intimal change which encroached little 
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on the arterial lumen. These findings are usually 
associated with a low pulmonary blood flow. In 
the older 3-year-old child, many small preacinar 
arteries and arteries accompanying terminal and 
respiratory bronchioli in the median basal segment 
of the right lung showed concentric intimal 
fibrosis, with partial or complete obliteration of the 
lumen. In. this segment of lung, postmortem 
arteriography showed a reduction in density of the 
background haze, suggesting a reduction in number 
of intra-acinar arteries." 

Of the remaining three cases in which no 
comparison was made between segments perfused 
by collateral and centrally connected pulmonary 
arteries, each contained at least one segment 
showing the medial hypertrophy and abnormal 
extension ‘of muscle along the arterial pathway 
associated with pulmonary hypertension. Two 
segments were connected to a centrally connected 
pulmonary artery fed by a large collateral vessel, 
and one to a large collateral artery. Only two 
segments showed, in addition to medial hyper- 
trophy, concentric intimal proliferation. One 
segment was perfused by a Blalock-Taussig shunt - 
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Fig. 3 Pulmonary arterial medial thickness related to 
external diameter (um); (a) case 4, aged 1-5 months, 
illustrating muscularity in three bronchopulmonary 
segments of the right and four segments of the left lung 
(solid lines), compared with normal (interrupted line); 
(b) case 11, aged 3 years, illustrating muscularity in five 
segments of the right and two segments of the left lung 
(solid lines), compared with normal of similar age 
(interrupted line). In each case, muscularity is generally 
below normal and similar in different segments of lung, 
each segment being perfused by a different vessel. 
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and the other by a large collateral perfusing only 
two segments of lung. 

Thus, in a majority of cases the microscopical 
findings in all sections of lung examined were 
compatible with a reduction in pulmonary blood 
flow. In only three cases was there structural 
evidence of pulmonary hypertension. 


Peripheral arterial size 
Arterial size varied between and within cases. In 
five cases, the arteries accompanying respiratory 
bronchioli were abnormally small in some or all of 
the segments examined. In the four remaining cases 
arterial size was normal in all segments examined. 
In general, the size of arteries accompanying 
peripheral airways was related to the size of the 
perfusing vessel and showed greater variation within 
each case than did arterial muscularity. In the two 
injected specimens precise measurements of ex- 
ternal diameter were made at all levels along the 
arterial pathway. In case 4, the intra-acinar arteries 
of the right lung supplied by normally connected 
pulmonary arteries into which a Goretex shunt had 
been inserted were of normal size (Fig. 4). By 
contrast, in three of the four segments perfused by 
different collateral arteries, the vessels were smaller 
than is found in the normal child at birth. The 
smallest arteries were seen in the right lower lobe 
perfused initially by collateral arteries which had 
been ligated at 18 days of age. In case 11, the 
intra-acinar arteries from the level of the terminal 
bronchioli to the alveolar walls were smaller at 
3 years of age than in the normal lung at 6 months 
in all the five segments examined (Fig. 4). 


Normal 


External diameter (pm) 
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Fig. 4 External diameter (um) of arteries accompanying 
respiratory bronchioli in bronchopulmonary segments 
perfused either via central pulmonary arteries (PA) or 
collaterals ( C), in case 4 on the left, and case 11 on the 
right. Both cases show a reduction in arterial size in 
nearlysall segments of lung examined, as compared with 
findings in children of similar age. 





Arterial number 

In both injected cases alveoli and arterial number 
per unit area was normal. In case 4, the alveolar/ 
arterial ratio varied between 9:37 and 11:5 in six 
segments and in case 11, between 9-0 and 12-2 in 
the five segments examined. 


Discussion 


This is the first detailed study of the anatomy of the 
pulmonary circulation in pulmonary atresia with 
major aortopulmonary collateral arteries. Examina- 
tion of 11 necropsy specimens showed, in all cases, 
central pulmonary arteries which had generally 
been perfused retrogradely by collateral arteries 
anastomosing with the lobar pulmonary arteries or, 
less commonly, with the pulmonary arteries at the 
hilum. Considering the group as a whole, normally 
connected pulmonary arteries perfused approxi- 
mately half the bronchopulmonary segments. The 
remaining segmental arteries were connected to 
collateral arteries, which within the lung had the 
structure of normally connected pulmonary arteries 
and branched with the pre- and intra-acinar 
airways in the normal manner to perfuse the 
alveolar-capillary bed. Occasionally two intra- 
pulmonary arteries, one connected to a central 
pulmonary artery and one to a collateral, accom- 
panied a lobar or segmental bronchus, but after 
further airway division, the arteries diverged to 
accompany different airways. The segmental 
pulmonary arteries were generally abnormally small 
in relation to the size of the accompanying airway, 
irrespective of the type of proximal connection. 
Stenoses occurred in the majority of collateral 
arteries often as a thick narrowed segment between 
the aorta and lung. 

Microscopically, the structural changes at the 
lung periphery were consistent with reduction in 
pulmonary blood flow in five of the nine cases 
examined, irrespective of the type of proximal 
connection. In three cases, medial hypertrophy 
suggested the presence of pulmonary hypertension. 
The peripheral pulmonary circulation had failed 
to grow normally in all save the patient who died 
at 12 days of age. 


EMBRYOLOGY AND NOMENCLATURE 

Major aortopulmonary collateral arteries have been 
variously called “bronchial arteries", "'systemic 
arteries", and "persistent segmental arteries". The 
purely descriptive term major aortopulmonary 
collateral arteries has also been eschewed by some 
authors because in their series the vessels did not 
always originate from the aorta.? In the present 
study, however, nearly all the collateral arteries 
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were seen to arise from the aorta. In addition, in 
eight cases bronchial arteries were seen to arise as 
a distinctly separate system from the tracheo- 
bronchial plexus around the carina and were 
distributed to the large airways in a normal manner. 
Four lobes containing bronchial arteries were 
perfused by collateral arteries arising from the 
descending thoracic aorta. Recent embryological 
studies by Boyden?!? suggest that major aorto- 
pulmonary collateral arteries are persistent seg- 
mental arteries, not bronchial arteries. The present 
study supports this hypothesis. During early fetal 
development the vascular plexus forming in the 
lung buds is connected to segmental arteries 
arising from the dorsal aortae. Within the lung, by 
the 40th day, the vascular plexus has differentiated 
into definitive segmental arteries and their 
branches, and the lung is perfused both by the 
right ventricle and sixth branchial arches and by 
segmental arteries, until the latter disappear about 
50 days after ovulation. Findings in the present 
study suggest that during this time some broncho- 
pulmonary segments or lobules are connected to 
the right ventricle and others to the aorta. In the 
normal fetus, as the lung develops it becomes 
entirely and exclusively supplied by central 
pulmonary arteries derived from the sixth branchial 
arches. In pulmonary atresia with ventricular septal 
defect, however, it appears that the normal 
maturation process is arrested. 

Nearly all the collateral arteries in the present 
series arose from the same region of the mid- 
thoracic aorta. Hessel et al.!* considered that such 
arteries must have arisen in utero above the zone 
from which segmental arteries normally descend 
from the “neck” region of the embryo to below the 
diaphragm. These observations suggest that in the 
present series, normal fetal development was 
interrupted at about the same age in all cases. 
Furthermore, the primary abnormality appears to 
lie in the heart, and sixth branchial arches. The 
lung segment appears to have developed normally, 
as regards both arteries and airways, any structural 
change being the result of abnormalities in blood 
pressure and flow. None of the lung tissue in the 
present series was sequestrated, airway development 
being normal. Boyden? emphasised that collateral 
arteries developed early and bronchial arteries late, 
long after the blood supply to the lung is established. 
He described a 41 mm embryo in which the right 
posterobasal segment of lung was perfused by an 
aortic branch at a time when the origin of the 
bronchial arteries could be seen, but no vessels yet 
reached the root of the lung. In the present study 
bronchial arteries could be differentiated from major 
aortopulmonary collateral arteries because they 
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were smaller and their origin could be traced to the 
vascular plexus around the carina and lower end 
of the trachea. Bronchial arteries probably enlarge 
because the centrally connected pulmonary arteries 
are, or become, extremely small. In three cases, 
arteries running down the lateral margin of the 
trachea entered the upper lobes, branched with the 
airways, and appeared to be the only blood supply 
to certain segments. The origin of these vessels is 
unknown. 


COMPARISON OF PRESENT FINDINGS WITH 
PREVIOUS CLINICAL STUDIES 

The first report of some segments of lung being 
perfused by central pulmonary arteries and others 
solely by a systemic artery is probably that of 
Joseph Hyrtle, published in 1839, in a child who 
did not have congenital heart disease.1? More 
recently, radiological studies showed that this 
occurs in pulmonary atresia with ventricular septal 
defect.9—5 The present study extends these 
Observations by showing that the intrapulmonary 
arteries with which the collaterals connect are “true” 
pulmonary arteries, that not only the segments, 
but the subsegments of a lobe may have a different 
proximal connection, and that the proportion of a 
lung directly connected to a collateral artery can 
vary from 0 to nearly 100 per cent. 

In this necropsy study central pulmonary arteries 
were present in all cases, perfused by major 
aortopulmonary collateral arteries joining a lobar 
or, less commonly, an extrapulmonary vessel. 
'Theoretically, therefore, selective angiography of 
all collateral arteries would have shown central 
pulmonary arteries in all but one patient in whom 
the vessels were not patent. In practice, selective 
angiography usually does demonstrate central 
pulmonary arteries, but most authors note the 
exceptional case. 19 17 

In life, assessment of the adequacy of central 
pulmonary arteries for insertion either of a pros- 
thetic shunt or a valve-bearing conduit is difficult. 
In the present study, the central pulmonary 
arteries were obviously small. Had they been 
distended before fixation they would still have been 
small relative to the size of the accompanying 
airway. Probably in only two cases, however, would 
the vessels have been too hypoplastic to take a 
prosthetic shunt. In a recent radiological study, the 
central pulmonary arteries were considered hypo- 
plastic in relation to the size of the aortic root and 
vertebral bodies in 48 per cent of cases, but severe 
hypoplasia was not thought to contraindicate 
surgical treatment.!5 Findings in the present study 
suggest that even when the central pulmonary 
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arteries are severely hypoplastic it may be possible 
to shunt to a larger hilar pulmonary artery. 

The site of origin of the collateral arteries, and 
their extra- and intrapulmonary course was more 
constant in this than in other series," !? and might 
be a result of the relatively small number of cases 
studied. There was, however, considerable variation 
between cases in the number of collateral arteries 
arising from the aorta, the number of branches 
arising from each collateral, and the number of 
bronchopulmonary segments connected to collateral 
arteries. Not surprisingly, in a necropsy study, the 
number of collaterals in each case tended to be 
greater than in previous radiological studies.’ + 
This observation is important because failure to 
show central pulmonary arteries is usually because 
of failure to appreciate the number of collaterals 
available for selective angiography, as many as six 
per case in this series. In addition, faiiure to identify 
all collaterals leads to an overestimation of the 
proportion of lung connected to central pulmonary 
arteries. 


STENOSES 
Stenoses of major aortopulmonary collateral arteries 
were first noted angiocardiographically by Jefferson 
et al.” and pressure gradients across them were 
documented the following year. A stenosis can 
occur at the origin of a collateral from the aorta, 
along its course, and where it anastomoses with a 
pulmonary artery. Each collateral may have more 
than one stenosis. In a recent radiological study 
42 per cent of all collateral arteries arising from the 
aorta were stenosed, affecting 70 per cent of 
patients.'? In the present series a higher proportion 
(58:87,) of collaterals was stenosed and all patients 
had at least one stenosed vessel. In the radiological 
series, stenoses occurred most frequently at the 
junction of a collateral with a hilar pulmonary 
artery, and were present in 47 per cent of patients. 
In the present series a similar proportion of cases, 
55 per cent, had this type of stenosis, but a narrowed 
segment occurred in all cases and accounted for 
76 per cent of all stenoses. 

Despite the incidence of stenosis being higher in 
this than in previous studies the incidence was 
probably underestimated. In nine of the 11 cases 
the arteries were not distended by injection and 
though all collaterals were examined carefully 
macroscopically, only 13 were examined micro- 
scopically by step or serial sections. Ín addition, 
in the two injected cases radiological assessment 
yielded a disproportionately greater number of 
stenosed collateral arteries than in the uninjected 
material, 

Occasionally the lumen of a collateral 


eo 


was 


occluded, because of the fusion of intimal mounds 
or cushions in a long narrow segment: Obviously, 
when this happens the distal patent segment of a 
collateral artery anastomosing with a very small, 
but structurally normal intrapulmonary artery, 
cannot be shown radiologically, except, perhaps, by 
pulmonary vein angiography.!'* 

When planning either to shunt to a region of lung 
perfused by a collateral artery or to connect such a 
portion of lung to the sixth arch it is necessary to 
check for the presence of stenoses both by intra- 
vascular pressure measurement, by angiography, 
and by palpation of the vessel at operation. The 
latter is helpful in detecting a thick-walled, narrowed 
segment. In life, the radiographic appearance of the 
vessels is unreliable in assessing the haemodynamic 
state. Macartney er al.'4 found a pressure gradient 
of 60 mm or more in vessels in which angiography 
had failed to reveal a stenosis. 

Stenoses of the intrapulmonary arteries were not 
seen in the present series. Though they could have 
been overlooked in fixed undistended material, they 
were not shown either macroscopically or radio- 
logically in the two injected cases. 


STRUCTURE OF INTRAPULMONARY ARTERIAL 
CIRCULATION 

Preacinar arteries 

The preacinar arteries, both those connected to 
collateral arteries and those connected to central 
pulmonary arteries, were generally abnormally 
small, both absolutely and in relation to the size of 
the accompanying airway. Three children had had 
a surgical aortopulmonary or aortocollateral anasto- 
mosis created. After an aortopulmonary anastomosis 
in two, the distal lobar pulmonary artery appeared 
larger than in the untreated cases and was normal 
relative to the size of the accompanying airway. 
Unfortunately, however, in both cases the distal 
vessel perfused only five bronchopulmonary seg- 
ments or less, and in one child the dilated lobar and 
segmental arteries severely compressed the right 
middle lobe and lower lobe bronchi. In the other 
patient a large aortopulmonary anastomosis failed 
to perfuse the contralateral lung because the central 
pulmonary arteries were barely probe patent. These 
findings emphasise the necessity of careful pre- 
operative evaluation by selective angiography. 

In two cases one lobar pulmonary artery and its 
segmental branches showed saccular dilatation. 
This appearance is seen not infrequently during life 
after a successful aortopulmonary anastomosis 
(personal observation). Its presence in two untreated 
cases indicates that such dilatation can occur as a 
primary abnormality of the vessel wall in pulrfionary . 
atresia with ventricular septal defect gd "major. j 
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aortopulmonary collateral arteries, and is not 
necessarily a result of an increase in pulmonary 
blood flow. 


Intra-acinar arteries 

In the normal child most of the intra-acinar 
arteries develop after birth, during the first three 
years of life. The haemodynamic abnormalities 
produced by a variety of different types of congenital 
heart disease are known to impair the normal 
development of these vessels.97?? The present 
study shows that pulmonary atresia with ventricular 
septal defect and major aortopulmonary collateral 
arteries is no exception. 

Peripheral pulmonary vascular structure deter- 
mines resistance and hence operability, but this is 
the first time that vessel growth has been assessed 
in this condition where different segments of lung 
frequently have a different blood supply. Greater 
accuracy is achieved by studying injected rather 
than uninjected material, but examination of both 
types of tissue gave similar results. Within each 
case arterial muscularity, size, and number were 
surprisingly similar in segments of lung perfused 
by normally connected pulmonary arteries and by 
collaterals. This probably occurred because the 
majority of segments were underperfused and 
because most of the patients were infants, the lung 
having been exposed to abnormalities of pressure 
or flow for a relatively short period of time. Case 11 
illustrates the variation in pulmonary vascular 
structure which can develop by 3 years of age, even 
within a segment of lung perfused by a single 
vessel. Abnormally thin-walled arteries lay adjacent 
to others showing concentric intimal proliferation, 
probably resulting from organisation of thrombus. 

Most cases showed normal or reduced pulmonary 
arterial medial thickness and external diameter and, 
in three cases, the vessels contained areas of 
eccentric intimal proliferation. All these structural 
changes are compatible with a reduction of pulmon- 
ary blood flow.??-?5 In at least two cases, however, 
any reduction in flow or pressure was not sufficient 
to impair arterial multiplication. 

Structural evidence of pulmonary hypertension 
was found in only three cases and was not severe. 
'The only case to show early intimal proliferation 
had had a Blalock-Taussig shunt to one region and 
a larger collateral supplying another region of lung 
examined. Previous studies have emphasised the 
danger of large collateral arteries without a protective 
stenosis perfusing the pulmonary vascular bed at 
high pressure and causing obliterative pulmonary 
vascular disease.!5 14 The prevalence of pulmonary 
hypertensive change probably depends on the age 
of the patients in each series. Patients who live 
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longer presumably have larger collateral arteries 
and a higher pulmonary blood flow than in the 
present series, making them susceptible to oblitera- 
tive change. : 

The present study indicates that though stenoses 
in the collateral arteries "protect" the pulmonary 
vascular bed from developing hypertensive pul- 
monary vascular change they may also prevent the 
Iung from being adequately perfused, causing failure 
of the intra-acinar pulmonary circulation to develop 
normally. Such a lung may not be capable of 
accepting an increase in blood volume, as after an 
aortopulmonary anastomosis or insertion of a right 
ventricular conduit, without an increase in resist- 
ance. In infants with a large ventricular septal defect 
an increase in resistance is associated first with 
failure of the peripheral pulmonary circulation to 
grow normally, before obliterative pulmonary 
vascular disease develops.?? 


CLINICAL IMPLICATIONS 

Findings in the present study are helpful in 
understanding the natural history of pulmonary 
atresia with ventricular septal defect and major 
aortopulmonary collateral arteries. The rapid 
increase in cyanosis frequently seen during the first 
weeks of life is often attributed to closure of the 
ductus arteriosus, but the role of the ductus in this 
condition depends on the proportion of lung 
connected to the central pulmonary arteries. 
Increasing cyanosis may also be a result of progres- 
sive stenosis of the collateral arteries. In older 
children the picture is more complex. Increasing 
cyanosis may be a result either of failure of the 
collateral to increase in size with growth of the 
child, particularly in stenosed regions, of failure of 
the intrapulmonary arterial circulation to grow 
normally, or of thrombus formation in some 
peripheral arteries and obliterative pulmonary 
vascular disease in others. In any child the clinical 
findings and total pulmonary vascular resistance 
are the sum of the changes taking place in each 
segment of lung tissue. 

The anatomical findings are so variable in 
pulmonary atresia with ventricular septal defect 
and major aortopulmonary collateral arteries that 
all cases must be considered individually. In order 
to plan effective treatment a cardiac catheterisation 
study is advisable at the first hospital admission. If 
possible, all the collateral arteries should be 
catheterised in order to demonstrate the central 
pulmonary arteries and the proportion of lung 
connected to them. Ideally, the blood supply of 
each bronchopulmonary segment should be visual- 
ised and the intrapulmonary arterial pressure 
measured. 


Js 
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Correction of the abnormality is usually under- 
taken as a two-stage procedure. The aim of the first- 
stage operation is to increase pulmonary blood flow 
in order to allow the child to thrive and to encourage 
the pulmonary circulation to grow and develop 
normally. An aortopulmonary shunt is inserted, if 
possible, into a centrally connected pulmonary 
artery which is known to perfuse the majority of 
bronchopulmonary segments of one lung and to be 
connected through a good lumen with the contra- 
lateral lung. Any shunt into a collateral vessel 
should be performed distal to any stenosis, that is, 
into the thin-walled elastic pulmonary artery beyond 
the collateral. This should ensure that the blood 
supply will not be prejudiced by any further 
occlusive change in the collateral vessel. Before 
correcting the abnormality by connecting the 
pulmonary arterial circulation to a right ventricular 
conduit as many bronchopulmonary segments as 
possible should be connected to the main perfusing 
vessel, hopefully a central pulmonary artery or 
one of its major branches. Postoperatively, in 
tetralogy of Fallot with pulmonary atresia the 
mortality is greater, and the right ventricular 
pressure is higher, in patients with large collateral 
arteries than in those without them and the post- 
operative right ventricular/left ventricular pressure 
ratio, itself a strong predictor of operative survival, 
is much increased in the presence of “arborisation 
abnormalities” particularly when these are bi- 
lateral.2 Since *'arborisation abnormalities” pre- 
sumably indicate the presence of collaterals not 
connected to central pulmonary arteries, bilateral 
arborisation abnormalities were present in nearly 
all the patients we studied. 

Ideally, collateral arteries supplying a substantial 
volume of the pulmonary vascular bed should be re- 
connected and not ligated. Ligation of an isolated 
collateral is effectively ligation of an intrapulmonary 
artery which is known to produce hypertrophy of 
the bronchial arterial circulation.? Gas exchange 
can occur in such a lung, but the normal architecture 
of the intrapulmonary arterial circulation is 
permanently destroyed. However, ligation of such 
a collateral may be preferable to leaving it unligated 
if it cannot be connected directly or indirectly to 
central pulmonary arteries. The rationale for this 
is that interruption of one pulmonary artery causes 
hypoplasia of the ipsilateral lung and enlargement 
of the contralateral lung.?8 Thus bronchopulmonary 
segments connected to pulmonary arteries may 
come to compose a greater proportion of the entire 
lung issue than they would have done had not the 
isolated major aortopulmonary collateral artery or 
arteries been ligated. ; 

After corrective surgery a rise in right ventricular 


pressure might be the result of any one or more 
of the following features: (a) failure of the right 
ventricle to perfuse the majority of broncho- 
pulmonary segments; (b) proximal or distal pulmon- 
ary artery stenosis; (c) failure of the central and 
peripheral pulmonary arterial circulation to grow 
and develop normaly; and (d) obliteration of 
pulmonary vessels, either secondary to hypoperfu- 
sion or to pulmonary hypertension. 

This paper provides a rational basis for treatment, 
but the practical difficulties encountered in investi- 
gating and treating these patients will doubtless 
prevent total correction in many cases. In the 
fortunate child, however, at a second stage operation 
the right ventricle would be connected to low- 
pressure central pulmonary arteries perfusing the 
majority of bronchopulmonary segments. 
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Excessive plasma dopamine increase at rest and 
during exercise after long-term beta-adrenoreceptor 
blockade in hypertensive patients 
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SUMMARY . The effect of four weeks and 15 months of treatment with the cardioselective beta-receptor 
antagonist metoprolol on blood pressures, plasma noradrenaline, adrenaline, and dopamine at rest, 


` . during submaximal steady state and near maximal exercise, as well as five minutes after exercise, was 


studied in seven moderately hypertensive men aged 25 to 51 years. 
. Four weeks of treatment resulted in significantly lower heart rates and blood pressures at rest, 
during, and after exercise; no further significant changes were observed after 15 months of continuous 
treatment. ; i 

The exercise-induced increase in plasma noradrenaline and adrenaline tended to be more pronounced 
after treatment with metoprolol with virtually identical values after both four weeks and 15 months. 
Plasma dopamine was much less affected by exercise and showed only a weak tendency towards higher 
values during work. While no significant changes were observed after four weeks of treatment, there 
was a significant 10 to 12 fold increase of dopamine over the control values after 15 months 
of treatment. At rest plasma dopamine was five and 10 times higher than corresponding noradrenaline 
and adrenaline levels. The excessive rise of dopamine might have clinical implications: because of the 
cardiovascular and renal actions of dopamine, high levels should tend towards dampening the negative 
inotropic effect of beta-receptor blockade and might thus contribute to the increase of cardiac output 
and decrease of peripheral vascular resistance usually seen with beta-receptor antagonists after long- 
term treatment compared with acute or short-term administration. 


Antihypertensive treatment with adrenergic beta- plasma dopamine to long-term  beta-receptor 


receptor antagonists has been shown to give rise to 
higher levels of plasma noradrenaline during 
exercise of different intensities. ? Conversely, a 
significant rise of adrenaline has been observed 
only during near maximal work and was interpreted 
as reflecting secondary metabolic adjustments to 
the beta-receptor blockade.245 With a few 
exceptions? these observations were made after 
acute administration of a beta-receptor antagonist 
or after short-term treatment. Very little interest 
has been shown in plasma dopamine. Though 
dopamine has been the subject of considerable 
theoretical and clinical' interest and research in 
recent years because of its specific cardiovascular 


„and renal effects,95 in particular in association 


with sheck, no data are available on the response of 
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blockade. 

'The purpose of the present study is therefore to 
define the effect of the cardioselective beta-receptor 
blocker metoprolol on the response to standardised 
exercise of plasma noradrenaline, adrenaline, and 
in ‘particular dopamine after long-term treatment 
compared with short-term treatment. 


Patients 


Seven men aged 25 to 51 (mean 35) years partici- 
pated in the study after giving their informed 
consent. Clinical evaluation indicated that all had 
stage 1 to 2 essential hypertension using criteria 
described by the WHO (1959)? None suffered 
from ischaemic heart disease. Blood pressures 
when measured by the Riva-Rocci cuff method. 
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‘ranged between 155+10/1014+4 (means and 
standard deviations) mmHg at rest supine and 
236 +30/112 +13 mmHg during near-maximal 
exercise (Table). 


Methods 


After initial investigation, treatment was started 
with a daily dose of 200 mg oral metoprolol and 
was maintained without any change during the 
entire observation period. The patients were studied 
again after a four-week and subsequently a 15- 
month period of treatment under identical condi- 
tions and with identical technique as in the initial 
study. On each occasion, the patients exercised at 
their individual work loads established during the 
initial investigation. 

On arrival at the laboratory, a polyvinyl catheter 
was inserted percutaneously via an antecubital vein 
and the tip positioned in the superior vena cava in 
order to facilitate blood sampling. After 30 minutes 
of rest in the supine position, exercise was performed 
sitting: on an electrodynamically braked bicycle 
ergometer at a rate of 60 rpm, starting at 50 watts 
with a 10 watt increment every minute until a 
heart rate of approximately 130 was attained. The 
patients then continued exercising at the same load 
under steady state conditions for a further 24 
minutes. Subsequently, work loads were increased 
by 25 watt increments every minute and the test 
concluded by a one-minute work at maximal level. 
In three patients, however, true maximal work load 
could not be attained because of an excessive blood 
pressure response (systolic pressure exceeding 
270 mmHg). This final phase usually lasted four to 
five minutes. Pulse rates (auscultatory method) and 
systolic and diastolic blood pressures (Riva-Rocci 
cuff method) were recorded and blood samples were 
obtained after 30 minutes of supine lying, during 
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the sixth minute at work load 100 watts, during 
the 30th minute of submaximal steady state exercise, 
during near-maximal exercise, and five minutes 
after work in the sitting posture. 

Plasma catecholamines were determined by 
means of an enzymatic single isotope methodi? 
with a coefficient of variation ranging for noradrena- 
line and adrenaline between 5 and 10 per cent at 
high and low levels, respectively, and for dopamine 
between 8 and 14 per cent. Student's t test for 
paired samples was used for statistical analysis. 


Results 


Heart rate, and systolic and diastolic blood pressures 
were significantly (p « 0-01) reduced at rest and 
during exercise after four weeks of treatment with 
metoprolol compared with pretreatment values. No 
‘further significant changes were observed after 15 
months of continuous treatment; however, there 
was a clear tendency toward lower diastolic blood 
pressures during and after exercise (Table). 

The exercise-induced increase of plasma nor- 
adrenaline tended to be more pronounced after 
treatment with metoprolol; individual and mean 
values were virtually identical at four weeks and 
15 months (Fig. 1). 

'The effect on plasma adrenaline was similar; the 
rise as observed particularly during near-maximal 
work was of the same order after four weeks and 
15 months (Fig. 2). 

'The levels of plasma dopamine were much less 
affected by exercise (Fig. 3) and showed only a weak 
tendency towards higher values during exercise. 
While no significant changes were observed after 
four weeks of treatment, there was a significant 
(p « 0-001) 10 to 12 fold increase of plasma dopamine 
over control values after 15 months of treatment 
with roughly identical levels during all conditions. 


Table Heart rates (HR, beats/min), systolic (SBP, mmHg), and diastolic (DBP, mmHg) blood pressures before and 
after four weeks and 15 months of treatment with metoprolol (means + standard deviations, n —7) 











Rest Exercise Exercise Exercise Post-exercise 
supine 6 min 30 min near-max 5 min 
sitting 
Pretreatment HR 74 +7 117414 136 +4 173 +12 106 +19 
SBP 155 x10 210 +27 202 +29 236 +30 156 x15 
DBP 101 +4 115 415 106 +7 112 +13 92 x14 
Metoprololfour weeks HR 57 x10** 93 +11** 100 +8** 123 x9** 71 310** 
SBP 130 +7** 154 +20** 164 x: 19** 200 3:20** 127 +13** 
DBP 86 47** 98 +8** 96 49** 108 +12 84 +10 
Metoprolol 15 months HR 52411 87 +17 98 +13 125 x17 70417 
SBP 132 +12 150 +13 158 +19 190 +29 127 x11 
DBP 90 +9 9147 90 «8 101 +10* ' 80 z5* 





Asterisks denote level of statistical significance of changes from previous examination *p «0-05, **p « 0-01. 
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At rest, before exercise, plasma dopamine was five 
and 10 times higher than corresponding plasma 
noradrenaline and adrenaline levels (Fig. 4) (p< 
0-001) and of the same magnitude as plasma 
noradrenaline during exercise at 100 watts as well 
as five minutes after exercise. 
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Fig.1 Plasma noradrenaline at rest supine ; during 
submaximal and near-maximal work; and five minutes 
after exercise; before and after a four-week and 15- 
month period of treatment with metoprolol (means and 
standard deviations, n=7). 

The six-minute exercise corresponds to a work load of 
100 watts, the 30-minute exercise to steady state work at 
a heart rate of approximately 130 beats/minute under 
pretreatment conditions. 
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Fig.2 Plasma adrenaline at rest supine; during 
submaximal and near-maximal work; and five minutes 
after exercise; before and after a four-week and 15-month 
period ofetreatment with metoprolol. For further details 
see Fig. 1. 






Discussion 


'Treatment with the cardioselective adrenoreceptor 
blocking agent metoprolol resulted in considerably 
lower blood pressures and pulse rates at rest as 
well as during and after exercise. Normotension 
was attained in virtually all patients. The extent of 
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Fig.3 Plasma dopamine at rest supine ; during 
submaximal and near-maximal work; and five minutes 
after exercise; before and after a four-week and 15-month 
period of treatment with metoprolol. For further details 
see Fig. 1. 
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Fig. 4 Means of plasma noradrenaline, adrenaline, and 
dopamine at rest supine; during submaximal and 
near-maximal work ; and five minutes after exercise; 
after a 15-month period of treatment with metoprolol. 
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pulse rate and systolic blood pressure reduction was 
almost identical after the four-week and 15-month 
periods. Only diastolic pressures showed a tendency 
towards a further slight decrease after 15 months 
compared with four weeks of treatment. 

The fairly constant effect of treatment on the 
circulation during standardised exercise as evident 
from the similar pulse rates and blood pressures 
observed at four weeks and 15 months of treatment 
is particularly worth noting as it is of great import- 
ance when the response of plasma catecholamines 
to exercise and to treatment of different durations 
is to be evaluated.® 

The changes in plasma noradrenaline and 
adrenaline observed after four weeks of beta- 
receptor blockade in the present series agree with 
the results reported by other authors.!?? The 
results obtained at four weeks and 15 months, 
respectively, in our patients indicate that the changes 
in both plasma noradrenaline and adrenaline 
induced by beta-receptor blockade remain virtually 
constant independently of the duration of treatment. 
Despite unchanged levels of plasma noradrenaline, 
the diastolic blood pressure tended to be slightly 
lower after 15 months compared with that at four 
weeks. 'This might suggest that levels of circulating 
noradrenaline do not play a primary or decisive 
role in the mechanism of the antihypertensive effect 
exerted by beta-receptor blocking agents.5 Even 
adrenaline does not seem to be of major importance 
in this respect. T'he increase of plasma adrenaline 
after beta-receptor blockade, in particular under 
conditions of near maximal exercise, reflects a 
compensatory mechanism aimed at coping with the 
restricted glycogen breakdown in the working 
muscle during heavy work.? 

Plasma dopamine was virtually unchanged after 
four weeks of metoprolol administration but it 
showed a considerable rise after 15 months of 
treatment. The dopamine levels attained are of such 
an order that haemodynamic effects resulting from 
the specific properties of dopamine,’ are likely to 
occur? and might have clinical implications. 
Dopamine has a positive effect on the cardiac 
contractility resulting in a significant increase in 
stroke volume and cardiac output.?!? Further- 
more, dopamine is a potent vasodilator of the renal 
vascular bed inducing increased perfusion mainly in 
the renal medulla and a significant enhancement 
of sodium excretion.?? Because of these specific 
effects high levels of dopamine should tend towards 
dampening the negative inotropic effect of chronic 
beta-receptor blockade. Hence it might contribute 
to the increase of cardiac output and the decrease 
of peripheral vascular resistance seen after long- 
term treatment compared with acute or short-term 
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administration of most beta-receptor blockers,!5 16 
and even alpha-beta-receptor blockers.” 

Furthermore, the high levels of dopamine may 
tend to counterbalance the reduced hypothalamic 
dopaminergic activity shown to occur in hyper- 
tensives and to be influenced by the dopaminergic 
agonist bromocriptine.!* 

It is important to underline that these findings 
are preliminary; since different beta-receptor 
blockers may have different effects on plasma 


'catecholamines? they may not apply to all beta- 


receptor antagonists. Thus, the finding of an 
excessive dopamine increase during chronic adrener- 
gic beta-receptor blockade requires further con- 
firmation and research. 
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Classification of the radiological morphology of the 


mitral valve 


Differentiation between true and pseudoprolapse" 
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SUMMARY The morphology of the mitral valve apparatus was assessed on 100 normal left ventriculograms. 
Four distinct types of mitral valve were identified according to the position of the mitral fulcrum (the 
point of attachment of the leaflets to the annulus) and the configuration of the adjacent left ventricular 
wall (left ventricular fornix) during diastole. Types I and II closely simulated prolapse of the mitral 
valve (pseudoprolapse) in the right anterior oblique projection during the ejection period. Measurements 
showed that contraction of the ventricle failed to reduce the diameter of the mitral valve annulus in 


26 per cent of normal left ventricles. 


‘The normal and pathological anatomy of the human 
mitral valve has been studied extensively, particu- 
larly at necropsy, but the normal dynamic anatomy 
remains elusive. A thorough knowledge of the 
changes occurring in the normal mitral valve 
apparatus during both diastole and systole is 
essential particularly for making the correct 
angiocardiographic diagnosis of mitral valve pro- 
lapse. In this report we describe the appearances of 
normal mitral valves during ventriculography and 
establish criteria for the identification of the 
normal mitral valve. 


Subjects and methods 


The biplane left ventriculograms of 100 patients 
with chest pain were analysed to determine the 
dynamic anatomy of the mitral valve. None of the 
patients had clinical or radiological evidence of 
mitral valve disease or papillary muscle dysfunction. 
The left ventricle was catheterised by the percutan- 
eous transfemoral technique!-? with a polyurethane 
pigtail catheter, and 10 to 16 ml/s 76 per cent 
sodium-methylglucamine diatrizoate (Renografin 
76) was injected in three seconds using a Viamonte/ 
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Hobbs automatic injector. The 6-inch modes of 
biplane 10 6-inch caesium-iodide Siemens high 
resolution image intensifiers (4-5 line pairs/mm 
resolution) were used with high definition photo- 
graphy of the output phosphor. The electrocardio- 
gram and pressure pulses were simultaneously 
recorded on paper and on the cine film. Echo- 
cardiograms and phonocardiograms were obtained 
in all patients using a Hoffrel Ultrasonoscope 
(Model 101), with either a 2-25 MHz transducer 
focused at 7-5 cm or an unfocused 2-9 MHz trans- 
ducer, and a piezoelectric crystal microphone 
(type 53161, Kent Cambridge, Ossining, NY), 
displayed on the oscilloscope of a Cambridge multi- 
channel recorder, and permanently recorded on 
photographic paper. Prolapse of the mitral valve, 
mid-systolic clicks, and late systolic murmurs were 
specifically sought. Echocardiograms, phonocardio- 
grams, and cine left ventriculograms were inter- ` 
preted independently, and the results then pooled. 
'The configuration of the normal mitral valve and 
its dynamic changes were examined by tracing the 
image directly from projections of 16 mm cine film. 
Actual heart size was determined by the 1 cm grid 
technique (North American Medical Instrument 
Corp, Hudson Falls, NY). The outline of the left 
ventricle was traced at end-diastole and end-systole 
during the beat with optimal ventriculographic 
opacification. Premature ventricular contractions 
and post-extrasystolic contractions were excluded. 
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Observations were made on: (1) changes in mitral 
valve diameter; (2) position of the point of attach- 
ment of the posterior leaflet of the mitral valve to 
the mitral ring in diastole and systole; (3) delinea- 
tion of the papillary muscles and chordae tendineae ; 
(4) mitral leaflets and their scallops; and (5) 
posteromedial and anterolateral commissures. The 
percentage shortening of the mitral valve ring 
diameter between diastole and systole was calculated 
in all cases. The depth of bulging of the mitral 
valve leaflets into the left atrium was measured in 
all patients. 

The mitral fulcrum was defined as the point of 
attachment of the mitral leaflets to the annulus 
fibrosus. For the purposes of clarity the word 
“fulcrum” as used in this paper refers to the most 
inferior portion of the fulcrum as seen in the right 
anterior oblique projection (Fig. 1). The fornix of 
the left ventricle is defined as that part of the left 
ventricle between insertion of the mitral leaflets 


Fig. 1 Early diastolic frame of a 16 mm cine left 
ventriculogram from a patient without heart disease. The 
fulcrum (short wide white arrow) or point of 
attachment of the mitral leaflets to the mitral annulus is 
clearly seen. The fornix (white bracket) ts the left 
ventricular wall between the fulcrum and papillary 
muscles (pm). The papillary muscles are better seen on a 
systolic frame. Because of the high lying fulcrum and 
absence of notching of the fornix, this mitral valve has 
the type III configuration. The line of attachment of the 
posterior mitral leaflet (black arrow-heads) sharply 
outlines the width of the mitral valve. The membranous 
septum (atrioventricular portion) (long thin white 
arrows) can be seen in the subaortic regton as a smooth 
straight or minimally curved line beneath the non- 
coronary leaflet. Unopacified left atrial blood entering 
into the left ventricle can be seen as the broad band of 
lucency encompassing the entire width of the ventricle and 
immediately in front of the attachment of the posterior 
mitral leaflet. 
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Fig. 2 Diagrams of diastolic frames of left ventriculograms 
demonstrating the four mitral valve configurations. The 
arrows identify the mitral valve fulcra. Types I and Il 
have low fulcra, but 11 has a notched fornix. Types ILI 
and IV both have high fulcra, and the fornix is also 
notched in type IV. Types I and IV are more common 
than types LI and III. 


into the annulus fibrosus and the base of the 
papillary muscles. Ventriculography clearly delin- 
eates the fulcrum during the rapid filling phase of 
the cardiac cycle. The mitral fulcrum is seen at the 
interface formed by the unopacified blood rushing 
into the left ventricle and by the contrast trapped 
in the recess between the mitral leaflets and the 
adjacent ventricular endocardium (Fig. 1). The 
intimate relation of the most inferior portion of the 
mitral fulcrum to the posteromedial scallop of the 
posterior leaflet makes this portion of the fulcrum 
the best landmark for judging prolapse of the 
posteromedial scallop of the posterior leaflet. The 
posteromedial scallop is that most frequently 
involved in mitral valve prolapse.* * The ability to 
visualise the mitral fulcrum during cineangio- 
cardiography is the crux of this study and removes 
the subjective character of identification of mitral 
prolapse. The mitral fulcrum must be visualised in 
order to assess mitral valve prolapse objectively. 


Results 


Four distinct types of mitral valve were identified 
in the right anterior oblique projection, depending 
on the position of the mitral fulcrum in proto- 
diastole and the diastolic configuration of the fornix 
of the left ventricle (Fig. 2). Type I was character- 
ised by a low-lying mitral fulcrum without notching 
of the ventricular fornix. Type II had a low-lying 
mitral fulcrum and a semilunar notch in the left 
ventricular fornix. In type III there was a high 
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Fig. 3 


Components of the mitral valve apparatus (right anterior oblique projection). 


(b) 


(a) The low lying fulcrum 


(arrow) and absence of notching of the left ventricular fornix (white bracket) in this diastolic frame make the mitral 


valve configuration type I. The upper margin of the fornix can be identified by the beak sign (arrows). 


papillary muscle. 
posteromedial commissure 


pm, posterior 


(b) During systole the posteromedial scallop (long white arrows) of the posterior mitral leaflet and 
most superior linear lucency) are shown. The right margin of the outflow tract of the left 


ventricle formed by the atrioventricular septum is well delineated (white arrow-heads). Both papillary muscles are 


apparent ( pm). 


mitral fulcrum with no notching of the fornix. In 
type IV there was a high mitral fulcrum and a 
notched left ventricular fornix. Types I and IV 
were seen in 39 and 38 cases, respectively; types II 
and III were seen in nine and 14 cases, respectively. 
The papillary muscles were seen in all patients in 
the right anterior oblique projection during 
systole and in the left anterior oblique projec- 
tion during both systole and diastole. Chordae 
tendineae were clearly visible in the right anterior 
oblique projection in five cases during systole. 
The posteromedial commissure was seen in 50 
cases. The posteromedial scallop was by far 
the most commonly identified component (32 cases) 
of the posterior mitral leaflet (Fig. 3). The middle 
and anterolateral scallops were seen in six cases. 
All three scallops of the posterior leaflet of the 
mitral valve were identified in four instances. 

The mitral fulcrum was always identified in the 
right anterior oblique projection by contrast trapped 
in the recess between the leaflet and the adjacent 
endocardium (Fig. 1 and 3a). The line of attach- 
ment of the posterior mitral leaflet sharply outlined 


Fig. 4 Pseudoprolapse of the mitral valve. 


the width of the mitral valve ring in diastole (Fig. 1); 
the upper margin of the left ventricular fornix was 
distinctly seen and identified in systole and diastole 
as a dense beak (Fig. 1 and 3a). In 74 ventriculo- 
grams the diameter of the mitral ring on the right 
anterior oblique projection decreased by 2 to 23 
per cent in systole; in 26 patients the diameter did 
not change. We were able to measure the diameter 
of the mitral valve ring in the left anterior oblique 
projection in six of the 26 patients who showed no 
change in the right anterior oblique projection: in 
two of them the diameter was unchanged, but in 
the other four it was less 5 to 14 per cent. In an 
additional 33 ventriculograms the diameter of the 
mitral ring could also be measured in the left 
anterior oblique projection; there was a reduction 
in diameter in systole up to 37 per cent, though there 
was no change in seven cases. The percentage 
change in mitral ring diameter from diastole to 
systole showed no correlation with the patient's age. 

In 80 patients no bulging of mitral leaflets into 
the left atrium could be detected. In the remaining 
20 patients (Fig. 4) the normal mitral valve pro- 


(a) Right anterior oblique projection. Early diastolic frame from left 


ventriculogram. The fulcrum is low lying (arrow) and the fornix is notched (square bracket) making this a type II 


mitral valve. 


(b) During systole there is normal bulging of the mitral leaflets (long arrows), but no posterior and 


inferior displacement beyond the fulcrum (short wide arrow), thus identifying this as a pseudoprolapse. An 


echocardiogram showed a normal mitral valve. Phonocardiography showed no mid-systolic click or late systolic murmur, 
It is essential to identify the fulcrum as a point of reference before making the diagnosis of prolapse of the mitral valve. 
(c) Left anterior oblique projection. No prolapse of the mitral valve is seen. (d) Panels A and B represent diastolic 
and systolic frames shown in Fig. 4a and b. The arrow indicates the fulcrum. The dotted line depicts the usual e 
configuration of the mitral valve in systole. However, in some normal patients (20°,,) the mitral leaflet may bulge 
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in systole without posterior and inferior displacement beyond the fulcrum. In this patient (panel B) only leaflet 
bulging was noted. If prolapse had been present, the silhouette depicted in panel C would have been recorded. In this 

. sketch mitral leaflet bulges inferiorly and posteriorly to the fulcrum. The diagnosis of mitral valve prolapse depends 
on identification of the fulcrum on technically excellent angiocardiograms. 
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truded from 3:5 to 6:5 mm (mean + SEM 4:95 
0:2 mm) into the left atrium during systole. In no 
case was there any posterior and inferior para- 
annular displacement of the mitral valve leaflet 
beyond the level of the mitral valve fulcrum. No 
wall motion abnormalities were detected in any of 
these patients." Echocardiograms and phono- 
cardiograms showed no evidence of prolapse of the 
mitral valve and mid-systolic click or late systolic 
murmur. In these patients, failure to recognise the 
mitral fulcrum could have led to the incorrect 
diagnosis of prolapse of the mitral valve. 


Discussion 


Although there have been numerous clinical, '* 
echocardiographic, !* and angiocardio- 
graphic! ? !? 13 16-2? studies of the mitral valve, 
mitral valve prolapse is still erroneously diagnosed 
from ventriculograms or echocardiograms or both. 
Such errors are the result particularly of an in- 
complete knowledge of the normal angiocardio- 
graphic morphology of the mitral valve. Rangana- 
than er a/.? have stated that normal mitral valve 
leaflets may assume a convex configuration during 
systole, but that a distinct bulge into the left atrium 
is not apparent. However, this distinction is vague, 
and faulty assessment of the degree of convexity or 
bulging may have caused the angiocardiographer to 
overdiagnose mitral prolapse and greatly exaggerate 
its incidence in patients undergoing cardiac 





Fig. 5 True prolapse of the mitral valve. 


in this diastolic frame make the mitral valve configuration type III. 
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catheterisation.?* ** Measurements on the patients 
reviewed here indicate that 20 per cent of normal 
people have mitral leaflets which bulge into the 
atrium during systole by less than 6:5 mm from 
the plane of the mitral valve. In none of these 
normal cases was there posterior and inferior 
displacement of the mitral valve leaflet beyond the 
level of the mitral valve fulcrum. The reports by 
Smith et al., Raizada et al.,*4 and Ruwitch et al.** 
document the frequent observation of end-systolic 
bulging of the mitral leaflets. It is not surprising 
that some degree of systolic mitral leaflet bulging 
might occur since the cross-sectional area of the 
leaflet is one-and-a-half times or twice as big as 
that of the mitral orifice.** The normal bulging of 
the mitral leaflets into the left atrium has been 
shown previously by the Luciani test in normal 
hearts at necropsy soon after death. Chauveau** 
called this phenomenon “‘dome multiconcave" and 
described it as resembling wind filling out a sail. 
Chiechi er a/.** recorded the observation of billowing 
of normal mitral valve leaflets towards the left 
atrium at the time of operation on the heart. We 
have termed this phenomenon pseudoprolapse of 
the mitral valve (Fig. 4). In our patients pseudo- 
prolapse occurred most often in type I and II 
mitral valves. An illustration of true prolapse of the 
mitral valve proved at operation is included for 
comparison (Fig. 5). True prolapse of the mitral 
valve is characterised by posterior and inferior 
displacement of the mitral valve leaflet beyond the 





(b) (c) 


(a) The high mitral fulcrum (arrow) and absence of notching of the fornix 


(b) During systole there is posterior and inferior 


displacement of the mitral valve tissue beyond the fulcrum (arrow) resulting im true prolapse (p) of the mitral valve. 


Very mild mitral regurgitation is shown. LA, left atrium. 


(c) A systolic frame in the left anterior oblique projection 


clearly shows para-annular displacement of the posterior leaflet of the mitral valve characteristic of true prolapse of 
the mitral valve (arrows). Simultaneous echocardiogram and phonocardiogram showed mitral valve prolapse and a 


mid-systolic click. 


d 
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level of the mitral valve fulcrum in the right anterior 
oblique projection. Systolic leaflet bulging is not 
sufficient to make the correct diagnosis of prolapsing 
mitral valve. Because of the low fulcrum in types I 
and II, the erroneous diagnosis of mitral prolapse is 
most likely to be made in these groups. Since the 
frequency of type I and II mitral valves is 39 and 
9 per cent, respectively, the potential for the mis- 
diagnosis of mitral valve prolapse is present in 
nearly 50 per cent of normal angiocardiograms. 
The recent work of Cohen et al.3? using these 
criteria showed their accuracy in diagnosing mitral 
valve prolapse, with elimination of false positives. 

Redundancy of the leaflets and/or elongation of 
the chordae tendineae, usually secondary to mucoid 
degeneration?! (blue valve syndrome),?? alters the 
line of coaptation of the mitral leaflets and produces 
prolapse of the mitral valve. During closure of the 
normal mitral valve, there is initially apposition of 
the edges of the leaflets with subsequent contact of 
their atrial surfaces. Progressive contraction of the 
myocardial fibres and increased intraventricular 
pressure cause traction on the chordae tendineae, 
further surface contact, and bulging of the cusps 
into the left atrium. The ratio of valvar tissue 
surface area to mitral orifice area required to 
produce closure is nearly two to one.?5 ?? On trans- 
illumination the anterior and posterior mitral 
leaflets have three zones: basal, membranous (clear), 
and rough. The rough zone of the anterior and 
posterior leaflets forms the coaptation surface area, 
which is distinctly delineated by a ridge on the 
atrial aspect of the mitral leaflets. This ridge marks 
the line of leaflet closure and according to Ran- 
ganathan et al. is 0-8 to l0 cm from the free 
margins of the leaflets. If the line of coaptation is 
disturbed but there is still partial contact of the co- 
aptation leaflet surfaces, mitral prolapse is produced 
with no mitral regurgitation. If there is loss of 
coaptation, however, mitral regurgitation will ensue. 
The degree of mitral regurgitation will depend on 
the extent of mitral prolapse. Any degree of mitral 
prolapse with or without mitral regurgitation can 
be detected on angiocardiography as long as the 
fulcrum and the type of mitral valve are identified 
in early diastole in the right anterior oblique 
projection. 

With the advent of caesium iodide intensifiers 
and their increasing use in angiocardiography, it is 
important to recognise the normal anatomy of the 
mitral valve in the right anterior oblique projection 
if errors in diagnosis are to be avoided. This is 
particularly true of the posterior leaflet of the mitral 
valve, which is in most cases a tri-scalloped struc- 
ture. 3 The posteromedial commissure and 
posteromedial scallop are by far the most commonly 


identified components of the mitral valve during 
ventriculography. It is important to differentiate 
these normal scallops from the cleft anterior mitral 
leaflet found in endocardial cushion defects. 

In 26 per cent of patients with normal mitral 
valves and ventricles without annular calcification, 
contraction of the ventricle failed to reduce the 
diameter of the mitral valve annulus in the right 
anterior oblique projection. This observation 
indicates that the sphincter-like action of the 
annulus** plays only a secondary role in the 
mechanism of mitral valve closure. Our studies did 
not support See?5 and Harken eż al.** who contend 
that the anterior leaflet of the mitral valve acts like 
a curtain extending across the mitral orifice (which 
remains entirely hidden) and that the postero- 
lateral wall moves in and buttresses the posterior 
leaflet. No correlation could be identified between 
the degree of mitral annular shortening and age of 
the patient. 
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Variations in height of jugular “a” wave in relation 
to heart rate in normal subjects and in patients 
with atrial septal defect 


JEAN-MARIE THIRON, ALAIN CRIBIER, JEAN-LOUIS CAZOR, BRICE LETAC 


From Service des Soins Intensifs Cardiologiques et des Explorations Hémodynamiques, Centre Hospitalier 
et Universitaire de Rouen, Hópital Charles-Nicolle, Rouen, France 


SUMMARY Analysis of jugular tracings in seven normal subjects in sinus rhythm whose heart rate varied 
spontaneously from one moment to another during expiratory apnoea, showed that a pronounced 
variation occurred in the size of the “a” waves in relation to that of the “v” waves and in accordance 
with the corresponding RR interval. In the 53 measurements which were carried out, the “a/v” ratio 
had a mean value of 0-9 for a heart rate above 87, 1°4 for a heart rate between 87 and 68, and 1:1 
for a heart rate less than 68. The variations in the size of the “a” waves in relation to heart rate are 
explained by the place of atrial systole during the different phases of ventricular filling. 

This variation in the height of the “a” wave has also been found in patients with an atrial septal 
defect for heart rates between 62 and 86, and this could lead to misdiagnosis, either dimissing the 
diagnosis of atrial septal defect when the heart rate is around these values, or suspecting it wrongly 
when the heart rate is either slower or faster. 

When examining jugular tracings, one should therefore be cautious about interpreting the size of 
the “a” wave which should be evaluated as a function of heart rate. 


Measurement of the height of the “a” wave, subjects was the presence of a systolic murmur, 
which reflects right atrial systole, is one of the the clinical features of which suggested that the 
features which is essential for study of the jugular heart was normal. These cases were selected because 
venous pulse. It is considered in relation to the they were in sinus rhythm, with a heart rate which 
height of the “v” wave, and it is usual to regard the varied from one moment to another, even during a 
height of the normal “a” wave to be between one period of strict expiratory apnoea. The electro- 
and one-and-a-half times that of the “y” wave.!?  cardiogram was normal and sinus rhythm was 
If it is above this value, one can presume an increase confirmed by the constancy of the P waves, the 
in pressure in the right atrium caused by an PR intervals, and the ventricular complexes 
obstruction to the outflow. Below this limit it throughout the tracings, only the RR interval 
would suggest over-distension of the right atrium varying from one time to another. 
such as is seen, for example, in atrial septal defects. All seven subjects were young, with a mean: age 
In practice, the “a/v” ratio varies with the heart of 21 (range: 15 to 35 years), three were female and 
rate,? a fact which has been appreciated only by four were male. The absence of an underlying 
few authors until now and the aim of the present cardiac lesion was first established on clinical, 
study is to show, by observations on subjects with radiological, and electrocardiographic evidence, and 
normal hearts, that the height of the “a” wave confirmed in all cases by a complete phonomechano- 
varies in relation to the heart rate and this notion  cardiographic study based on recordings of the 
finds an application in patients with an atrial septal  phonocardiogram from different praecordial posi- 
defect. tions and of the jugular, carotid, and apical tracings. 
: 'The carotid study was done at rest and repeated 
Subjects and methods during a pharmacodynamic test with isoprenaline 


NORMAL SUBJECTS and with methoxamine. In one patient (case 4) 
The reason for investigating these seven normal haemodynamic and angiographic investigations 
Received for publication 8 October 1979 were also carried out. 
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ATRIAL SEPTAL DEFECT 

Two groups of patients suffering from atrial septal 
defect confirmed" by -haeéinodynamic' investigation 
were selected for this study. The first group of four 
patients was especially interesting because of the 
spontaneous variations in heart rate from one 


systole to another in the same subject during 


expiratory apnoea, though the P waves, PR intervals, 
and ventricular complexes were exactly the same. 
Ninety-nine ''a/v" ratios were measured. The 
findings in these four patients were similar to those 
of seven normal subjects with a spontaneously 
variable heart rate studied previously. The second 


group of 38 patients had a stable heart rate varying | 


from 58 to 120. 

, Excluded from this study were cases of atrial 
septal defect with increased pulmonary pressure and 
those that were too small to show an increase in the 
pulmonary output/systemic output ratio. 


METHODOLOGY 

The recordings were made with an eight-channel 
'Thomson-Telco apparatus with photographic re- 
cordings at 50 mm/s and with a piezoelectric venous 
pulse Hellige recorder. Ín addition to the venous 
pulse, an electrocardiogram (lead II) and a 
phonocardiogram at three frequencies (high, 
medium, and low) at the apex and the third left 
intercostal space, were recorded simultaneously. 

All recordings were made during an unforced 
respiratory apnoea. 

Such an expiratory apnoea, a simple pause 
during a normal respiratory cycle, gives us a 
stabilisation of the jugular tracing (Fig. 1). It has 
been verified, in the course of catheterisation 
procedures on the heart that such an unforced 





m (behind teh 
Expiratory apnoea 


x] 





V; tet oe ži 


“Insp! ration inspiration’ 


Fig. 1 Jugular tracing recorded during unforced 
expiratory apnoea (top) and during normal respiration. 
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expiratory apnoea of 10 to 12 seconds’ duration does 
not change the haemodynamic status of the right 
atrium. The value of the mean right atrial pressures 
and the mean value of each of the “a” and “x” 
waves and ''v" depression eel during a 
normal respiratory cycle remain identical to those 
measured during the first 6 to 8 seconds of the 
expiratory apnoea; after they decrease slightly by 
1 or 2 mmHg, the ratios of the “a” and “x”? waves 
and “y” depression remain nee 
Measurements were taken on the height of the 
“a” and “y” waves from their departure from the 
horizontal to the lowest point on the curve to 
determine the “x” depression (Fig. 2). The value 
of the “a” wave was established in relation to the 
"v? wave and expressed as an “a/v” ratio. At the 
same time, the corresponding RR interval in 
hundredths of a second was determined. 


Results and comments 


NORMAL SUBJECTS 

Results 

Fifty-three measurements of the ''a/v" ratio in 
relation to the RR intervals were measured, and are 
shown in Fig. 3. 

The RR intervals varied with the patient and 
with the sections of tracings studied from 0-59 to 
0-99 s, corresponding to a heart rate of 102 to 61. 
For the same subject the variations in the RR 
intervals were more important, for an increase of 
60 per cent in comparison with the basic value 
could be seen. 

The height of the “a” wave expressed as an “a/v” 
ratio varied between 0*6 to 2-4. 'The variations in 
wave height in the same subject could differ very 
considerably, up to 240 per cent of the basic value. 





Fig. 2 Method of calculation of the "ajo? ratio. 
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“a”? wave and heart rate 


If one regards the normal “a/v” ratio values to lie 
‘between 1 and 1:5, then 29 of the 53 measurements 
done were within normal limits (Fig. 3, shaded area) 
and there were 13 values below and 11 above these 
limits. The “a”? wave values which fall within the 
accepted normal limits, that is between 1 and 1-5, 
could be seen at all heart rates. In the seven 
subjects studied, the RR interval ranged from 0:59 
to 0-97 (heart rate of 102 to 62). For the 11 readings 
which were above 1:5, indicating abnormally large 
“fa” waves, the RR intervals ranged from 0-69 to 
0-88 s (heart rate of 87 to 68), except in one subject 
in whom the RR interval was 0-93. In the 13 cases 
in whom the “a/v” ratio was below 1, basically 
indicating small “a” waves, the RR intervals were 
either below 0-69 (heart rate above 87), or above 0-88 
(heart rate below 68) except in three cases where 
the values were 0-70, 0-74, and 0-87. 

One can therefore classify the “a” waves into 
three groups according to their height in relation 
to the RR intervals. 

Type “1”: The RR interval was below 0-69 
(heart rate over 87). There were five “a” waves in 
this group which corresponded to an ‘“‘a/v” ratio 
of less than 1 (and, therefore, unduly small) and 
three to a ratio of 1 to 1-5 (normal). The mean 
value of the *a/v" ratio for these five “a” waves 
was 0-9 (limits 0*6 to 1-2). 

Type “2”: The RR interval lay between 0:69 
and 0-88 (heart rate between 87 and 68). There 
were 33 “a” waves in this group, 10 corresponding 
to an “a/v” ratio of more than 1:5 (therefore 
abnormally large), in 20 the ratio was between 1 
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Fig.3 Progression in the size of the “a” wave ( ajo" 
ratio) 1n relation to the corresponding RR interval in 
hundredths of a second, and to the heart rate ( HR) in 
seven subjects. The end-points of this progression come 
together on the right-hand side. Note that in case 4 the 
pronounced variability in the RR interval allows the “a” 
wave to pass through the three different sizes. Shaded 
area is where the “a/v” ratio is usually regarded as 
normal. 
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and 1-5 (normal), and in only three was the ratio 
below 1 (abnormally small). The mean value of the 
33 “a/v” ratios was 1-4 (limits 0*8 to 2-4). 

Type “3”: The RR interval was above 0-88 
(heart rate below 68). There were 15 “a” waves in 
this group, of which eight corresponded to an “a/v” 
ratio of less than one (and therefore small), in six 
the ratio laid between 1 and 1:5 (normal), and in 
one case the ratio was above 1:5 (therefore large). 
The mean value of “a/v” was 1-1 (limits: 0-8 to 1-9). 

In summary, the “‘a” waves regarded as normal 
in size, that is with an “‘a/v” ratio of between 1 and 
1:5, occurred at all heart rates, the smaller waves 
(*a/v" ratio below 1) were only seen when the 
heart rate was either fast or slow, and the larger 
waves (‘“‘a/v” ratio above 1:5) only for the middle 
range of heart rates. 

Two subjects merit detailed discussion. 

Case 4 (Fig. 4) showed all three types and had a 
very variable heart rate from 97 to 61 (RR intervals 
of 0-62 to 0-99). Accordingly, the height of the ‘‘a”’ 
wave in this subject was very variable and repre- 
sented all three types: 1, 2, and 3 according to 
whether the heart rate was fast, medium, or slow, 
with several intermediate values. This case showed 
in the same subject all the possible variations in the 
“ajy” ratio in relation to the heart rate, variations 
which were seen only incompletely in the other six 
subjects. In this subject one could recognise the 
division of the '"a/v" ratios into three groups 
according to the values of the RR interval, one 
value of 0-6 for type 1, 18 (mean values 1-1) for 
type 2, and eight (mean value 0:8) for type 3. 
'There was no overlap or separate divisions for the 
“aly” values in relation to the RR intervals in the 
27 “a/v” ratios measured, except for four values. 
For one RR interval of 0-87, two values differing 
slightly in their “a/v” ratio were equal to 0-9 to 1-1. 
For one RR interval at 0-70, the ratio was equal to 
0-8, and for the fourth RR interval at 0-74, the ratio 
was 0-0. 

The second patient was unusual for the pro- 
nounced variations in the size of the “a” waves in 
relation to relatively minor changes in the heart 
rate. Even when the RR interval went from 0-60 to 
0-78, an increase of 30 per cent (heart rate from 
100 to 77), the “a/y” ratio changed from 0-7 to 2-4, 
an increase of 240 per cent. 


Comments 

The facts given above contradict the accepted view 
that the size of the “a”? wave is abnormal when, 
expressed as the “a/v” ratio, it is above 1-5 or 
below 1. In fact, the */a/v" ratio varies considerably 
with the heart rate as can be seen in the seven 
subjects recorded above in whom the heart rate 
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changed spontaneously from one moment to 
another, though the electrocardiographic complexes 
remained exactly the same and the measurements 
were recorded during strict expiratory apnoea. 

The “a/v” ratio had a mean value of 0:9 when 
the RR intervals were less than 0-69 and a mean 
value of 0-62, which corresponds to a rapid heart 
rate of more than 87 (mean 97). 

The “a/v” interval is greater, with a value of 1-4, 
when the RR interval lies between 0-69 and 0:88 
(mean 0-80) which corresponds to a heart rate 
between 87 and 68 (mean 75). Lastly, the “a/v” 
ratio is smaller (mean 1-1) when the RR interval is 
prolonged and above 0-88 (mean 0-94) which 
corresponds to a heart rate below 68 (mean 64). It 
should be noted that though there could be some 
overlap in the *a/v" values from one subject to 
another, there was none in the same subject 
(except slightly for two values in case 4). It should 
also be emphasised that the cut-off points for 
heart rate (fast: over 87; medium: between 68 and 
87; slow: below 68), which have determined the 
classification of the “ʻa”? wave into three groups 
cannot be considered as strict values since we are 
dealing with only seven normal subjects. 

The size of the “a” wave in relation to the “v” 
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wave ought then to be interpreted with caution on 
jugular tracings as the “a/v™ ratio can vary con- 
siderably with the duration of the RR interval, 
that is it follows the heart rate. The concept of a 
larger “a” wave should be interpreted with caution 
when the RR interval lies between 0:69 and 0-88 
(heart rate 87 and 68), since an “a/v” ratio of 
more than 1-5 can be seen in normal subjects. 

An “a/v” ratio of more than 1:5 does not neces- 
sarily represent an increased right atrial pressure 
if the heart rate lies between 68 and 87. In the 
same way, a small “a”? wave, giving an “‘a/v” ratio 
of less than 1, should not necessarily suggest 
distension of the right atrium such as one sees in 
atrial septal defects, since an “a/v” ratio of less 
than 1 can be seen in normal subjects when the 
RR interval is below 0-69 (heart rate above 87) or 
above 0 88 (heart rate below 68).- 

The variations in the height of the “a” wave 
seem to depend mainly on the time when atrial 
systole takes place in relation to the different stages 
of ventricular filling (Fig. 5). When the heart rate 
is rapid (and the RR interval is short, below 0-69), 
atrial contraction takes place early, soon after the 
opening of the tricuspid valve, and the amount of 
blood discharged during atrial systole is to some 
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Fig. 4 Extract from a continuous 
jugular tracing in a normal 
subject (case 4) in expiratory 
apnoea. From above downwards : 
a standard electrocardiograph lead 
II, the first phonocardiogram at 
three frequencies (low, medium, 
and high) parasternally in the 
third left intercostal space, and, 
below, another phonocardiogram q T im 
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extent drawn by ventricular suction through the 
valve which is fully open. Atrial contraction cannot 
then cause an increase in atrial pressure. This 
explains why the “a” wave may be rather small on 
the jugular tracing and this takes place when the 
curve descends from “v” towards *y". When the 
heart rate is a little sees (RR aca between 
0-69 to 0-88) atrial systole occurs during the rapid 
filling of the ventricle when the free borders of the 
valves are coming together. Atrial systole thus 
comes up against an obstacle on which it impacts 
and this causes a rise in the atrial pressure which 
shows itself as a larger “a” wave on the jugular 
tracing, and higher than the “v”? wave. Finally, 
when the heart rate is slow (RR nivel above 0-88) 
atrial systole occurs during slow ventricular filling 


‘and stasis, that is the phase when the valves have 


just opened and the ventricle can easily receive the 
contents of the atrium. Atrial contraction does not 
then lead to any appreciable rise in pressure and 
the “a” wave on the jugular tracing remains 
smaller than in the previous situation. 

Variations in “a” wave size therefore respond to 
a physiological situation and this fact should .be 
borne in mind when interpreting jugular tracings. 


ATRIAL SEPTAL DEFECT 

The diagnosis of atrial septal defect on the jugular 
pulse tracing is suggested when the ^v" wave is 
higher than the “a” wave, which indicates an 
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increase in right atrial filling caused by left-to-right 
atrial shunt, whereas normally the t^v" wave 


amplitude is less than that of the “a” wave. 


Results 

As in normal subjects, it seems that the amplitude 
of the “a” wave varies considerably with the heart 
rate and Fig. 6 shows a striking similarity to the 
curves seen in the previously studied normal 
subjects. 

(a) In those with a rapid heart rate (RR interval 
below or equal to 0-70), the “a/y” ratio was usually 
below 1, and in no case was it above 1:5 (type 1 
**a? waves). 

(b) In those with a medium heart rate (RR 
interval between 0-71 and 0-96) the amplitude of 
the “a” wave was increased and the “a/v” ratio 
was generally above 1:5, and in all cases it was above 
1 (type 2 “a” waves) except in two cases whose 
heart rate approached that of the following group. 

(c) In those with a slow heart rate (RR interval 
above.0-96) the amplitude of the “a” waves was 
further diminished and the “a/v” ratio was below 
1:5 or even below 1 (type 3 “a” waves). 
` The line of démarcation between the three zones 
is definite between the first two (RR —0-70), less 
clear-cut with a heart rate a little slower than in 
normal subjects between the last two (RR > 0:96). 

One interesting fact is that the “a/v” ratio is 
always above or equal to 1 for heart rates which - 
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Fig.5 Plan showing the three 
types of jugular tracing according 
to whether the “a” waves appear 
early or later during diastole. 
Above: the terminal point of a 
normal jugular vein tracing with 
the appearance of “x”, “v”, Y”, 
and “th” and the second sound (2). 

` Below: from left to right, the 
progressively later appearance of 
-the “a? wave during diastole, 
- either! between “v ? and “y” (=al), 
` or between “y” d h” (—a2), 

' or after PAR a3) (see text for : 
comments). ; 503 
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would be considered as normal, above 60 and 
below 85. The presence of very large “‘a” waves 
(above or equal to two ‘‘v’’) can even be seen in 
this zone but they are very unusual in cases of 
atrial septal defect without pulmonary hypertension. 

Among the four cases of atrial septal defect with 
a spontaneously variable heart rate, there were 
three (cases 1, 2, and 3) who presented with type 1 
“a” waves smaller than the “v” waves, and changed 


to type 2 “a” waves, larger than the “v” waves, 
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Fig. 6 The “a/v” ratio of the jugular venous tracings 
(on the ordinate) in relation to the RR interval in 
hundredths of a second or heart rate (HR) (on the abscissa). 
The shaded area is that inside which the “ajv” ratio can 
be considered as normal, the area below is that in which 
the “alv” ratio is less than 1, that is the area where this 
ratio ts usually considered diagnostic of atrial septal 
defect. A line has been drawn joining the limits of the 
heart rates in four patients with atrial septal defect who 
had spontaneously variable heart rates. The points 
(pulmonary to systemic output ratio <2), the triangles 
(ratio between 2 and 3 included), and the squares 
(output ratio >3) refer to the 38 patients with a 
constant heart rate (see text for explanation). 
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when the heart rate fell below 85 (RR > 0-70), thus 
confirming the course of events noticed in the 
previous 38 cases. Fig. 7 is a striking example of this. 
The fourth patient (Fig. 6, case 4) had the advantage 
of showing the three possibilities together and 
summarising in one patient the general course of 
the “a/v” ratio in relation to the heart rate. This 
course of events recalls that seen in subjects at a 
fixed heart rate (Fig. 3) and that seen in normal 
subjects. Fig. 8 shows 87 “a/v” ratios which were 
taken during the same recording in this subject 
during a course of repeated expiratory apnoea. 


Comments 

As in normal subjects, the height of the “a” wave 
is related to the heart rate and the same general 
comments apply to patients with atrial septal defect. 
However, there are small differences regarding 
heart rates at which the variations in the height of 
the “fa” wave occur. 

The “a” wave becomes abnormally tall (type 2) 
for medium-range heart rates with an RR interval 
between 0-71 and 0-96 (instead of 0-69 and 0-88 for 
normal subjects). 

It becomes smaller, either for fast heart rates 
(type 1) with an RR interval equal to or below 0-70 
(instead of 0-69 for normal subjects) or for slow 
heart rates (type 3) with an RR interval above 0-96 
(instead of 0-88 for normal subjects). 

These small differences between normal subjects 
and those with atrial septal defect could in fact be 
the result of the relatively small number of normal 
subjects studied. However, the overall evolution of 
the height of the “a” wave in atrial septal defect 
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Fig.7 Part of a jugular pulse and phonocardiogram tracing of a patient with atrial septal defect with a spontaneously 
variable heart rate. From above downwards : “ajv”, ratio of the respective heights of the “a” and “w” waves; 

RR, RR interval in hundredths of a second; standard electrocardiograph lead 11; the first part of a phonocardiogram 
recording with three frequency bands : low, medium, and high at the internal extremity of the second left intercostal 
interspace; the jugular pulse (FP) with the “a”, “x”, “v”, and “y” waves. The arrows indicate the base of the “a” 
wave which is not clearly visible; a second phonocardiogram recording at the same frequencies as above, taken at the 


internal extremity of the fourth left intercostal interspace (1, 2 : first and second heart sounds). See text for details. 
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Fig. 8 The “ajv” ratio on the jugular venous tracings 
on the ordinate, in relation to the RR interval or heart 
rate on the abscissa. The shaded area is that inside which 
the “ajv” ratio can be considered normal, the area below 
is that where the “ajv” ratio is <1, that is where the 
ratio would generally be regarded as diagnostic of atrial 
septal defect. The points represent 87 “ajv” ratios 
measured in the same patient during several consecutive 
recordings in expiratory apnoea. The extreme limits of 
the “a/v” ratios in this patient are shown in Fig. 3 and 
are joined by an interrupted line (see text for 
explanation). 


is of the same type as that of normal subjects and 
is explained by the same physiological mechanisms. 

On the other hand, the size of the shunt does 
not appear to influence the distribution of the “a” 
waves according to their amplitude in relation to 
those of the “y” waves, as is shown in Fig. 6. It 
seems reasonable to expect that cases of atrial 
septal defect with a large shunt would have an 
inversion of the “a/v” ratio and, conversely, in 
those cases of atrial septal defect with a low output, 
but this is not the case. Some patients with atrial 
septal defect with a pulmonary output to systemic 
ratio of more than 2 show larger type 2 “a” waves, 
larger than the “vy” waves and vice versa. However, 
the mean pulmonary to systemic output ratio 
showed some correlation with the “a/v” ratio. The 
mean output ratio was 2:33 when this ratio was 
below 1, 2:22 when it lay between 1 and 1:5, and 
1-92 when it was above 1-5. It, therefore, seems 
that when the output ratio decreases, the amplitude 
of the “a” waves exceeds that of the "v" waves 
and vice versa, though this correlation is not 
statistically significant. 

We conclude that the presence of an atrial septal 
defect, even with an important shunt does not 
prevent the height of the “a” wave from being 
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related to the heart rate as in normal subjects, a 
fact that has to be taken into consideration in 
diagnosing atrial septal defect. 


Conclusion 


'The shape of the jugular venous pulse tracing in 
normal subjects and in patients with an atrial septal 
defect should be interpreted with caution as the 
height of the “‘a” wave varies according to the 
length of the preceding RR interval, that is the 
heart rate. For heart rates of 65 to 90 (in this study, 
68 to 88 for normal subjects and 62 to 86 for atrial 
septal defect), the height of the “a” wave is often 
artificially increased. In normal subjects this could 
lead to the erroneous conclusion that the right 
heart pressures are raised. Conversely, in patients 
with atrial septal defect, this diagnosis could be 
wrongly dismissed. At a heart rate of below 65 
and above 90, the diagnosis of atrial septal defect 
may be suspected erroneously in a normal subject 
because the height of the “a” wave could be 
artificially small as compared with the “v” wave. 

For practical purposes the diagnosis of atrial 
septal defect based on phonomecanocardiographic 
data should not be automatically dismissed when 
the “a” wave is larger than the “v” wave, as this 
can occur in patients with atrial septal defect when 
the heart rate is between 65 and 90, and it should 
not automatically be made when the “a” wave is 
smaller than the “v” wave, for this can happen in 
normal subjects when the heart rate is either fast 
or slow. 
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Subacute effusive constrictive epicarditis 


R RASARETNAM,* D CHANMUGAM 


From the Thoracic Surgical Unit and Department of Medicine, General Hospital, Colombo, 


Sri Lanka (Ceylon) ` 


SUMMARY The coexistence of subacute pericardial effusion and epicardial constriction produces a 
cl ‘nical state, subacute effusive constrictive epicarditis, which resembles pericardial effusion with 
tamponade. However, pericardiocentesis results in only partial and temporary relief, a feature which 
is of importance in diagnosis. This syndrome was seen in five patients all of whom benefited from 


early pericardiectomy. 


The acute and subacute phases of pericardial 


tuberculosis,* with uraemia,® after trauma,® after 








effusion may cause cardiac embarrassment by radiation,’ with neoplastic involvement of peri- 

tamponade which, when relieved, results in a rapid cardium,® with acute pyogenic pericarditis,?!! and 

restoration of normal ventricular filling.* The co- with viral.pericarditis.'? Hancock? described the 

Table Clinical data in five patients with subacute effusive constrictive epicarditis 

Case Age (y) Presenting Pulse rate Jugular Ankle | Abdomen Heart Pulsus Kussmaul’s Chest x-ray 

no, sex symptoms and (beatsimin) venous oedema sounds paradoxus sign 

i duration and blood pressure 
pressure (mmHg) 

1 16 M Dyspnoea, 88 100/80 Normal ++ Ascites, Normal, 0 0 Enlarged cardiac 
abdominal liver 10cm, no 3rd shadow 
distension spleen á cm sound 
1 year 

2 25 M Fever, dyspnoea, 88 90/60 Raised 0 Liver 4 cm , Muffied 0 0 Enlarged cardiac 
left chest pain heart sounds, shadow, left 
6 wk no 3rd sound pleural effusion 

3 45 M Fever, dyspnoea 84 90/60 Raised, 0 Liver 2cm Muffled 0 + Enlarged cardiac 
12 wk y descent heart sounds, shadow, 

no 3rd sound pericardial 
calcification -+ 

4 17 F Fever, cough, 120 120/70 Raised, +++ Liver 4cm Quiet 0 0 Enlarged cardiac 
orthopnoea, y descent heart sounds, shadow 
chest pain no 3rd sound 
4 wk 

5 21 P Fever, central 120 105/70 Raised 0 Normal Normal 0 0 Enlarged cardiac 
chest pain, heart sounds, shadow 
orthopnoea pericardial 
2 wk rub 





PP, parietal pericardium; epi, epicardium. 


existence of acute or subacute pericardial effusion 
and constrictive epicarditis is unusual. First 
described from the Mayo Clinic by Burchell? and 
Edwards,’ it was later recorded in patients with 


* Present address, Thoracic Unit, Civil Hospital, Jaffna, Sri Lanka 
Received for publication 12 March 1979 


44 


*Serological studies consistent with a viral infection. 


physiological alterations in detail and emphasised 
the diagnostic importance of combined cardiac 
catheterisation and pericardiocentesis. The paucity 
of reported cases suggests that the syndrome is 
uncommon. We have recently seen fiveecases in 
seven months and present them to record the 
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beneficial effects of early pericardiectomy. 
Patients and methods 


During the seven-month period between July 1976 
and January 1977, five patients were admitted to 
the Thoracic Unit, Colombo General Hospital, 
with subacute effusive constrictive epicarditis. 
Three were male and two were female and the age 
range was from 16 to 46 years, four of the five being 
below 30 years. The clinical features of these 
patients are presented in the Table. Apart from the 
16-year-old boy (case 1) who gave a history of one 
year’s duration, the others had relatively short 
periods of illness varying from two to 12 weeks. In 
three of the patients (cases 2, 4, and 5) with short 
histories of two to six weeks, retrosternal or left- 
sided chest pain was a prominent symptom. All five 
patients complained of dyspnoea, and two were 





orthopnoeic. Four were febrile. The pulse volume 
was poor in all five patients but pulsus paradoxus 
(defined as an inspiratory fall in systolic arterial 
Pericardio- ECG Time interval Operation Aetiology 
from admission 
to operation 
Sinus rhythm, 1 mth PP normal, Probably 
low voltage epi 2 mm, viral* 
QRS, T, epicardiectomy 
in all leads only 
5» Sinus rhythm, 2 wk PP 10 mm, Tuber- 
total 920 ml) low voltage epi 7 mm, culosis 
QRS pericardiectomy 
3x (total Sinus rhythm, 2d PP 8 mm with Tuber- 
1950 ml) low voltage calcification, culosis 
QRS, T | epi 8 mm and 
in aVF and V6 infiltrating, 
pericardiectomy 
2» (total Sinus rhythm, 2d PP 4 mm, Pyogenic 
400 ml low voltage epi 10 mm, 
QRS pericardiectomy 
2x Sinus rhythm, 2d PP 4mm, Probably 
(total 550 ml) low voltage epi 3 mm, viral* 
QRS pericardiectomy 





pressure greater than 10 mmHg) was not seen. The 
systolic blood pressure on admission was below 
110 mmHg in four of the five patients. Jugular 
venous distension was present in four patients, only 
one (case 3) of whom had a positive Kussmaul's 
sign. A sharp y descent was present in two patients. 
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The cardiac impulse was impalpable in four, and 
hepatomegaly, ankle oedema, and ascites were 
present in four patients, two patients, and one 
patient, respectively. A third heart sound was not 
heard in any of the five. 

Chest x-ray films showed conspicuous enlarge- 
ment of the cardiac silhouette in all five (Fig. 1). In 
one (case 3), a small area of calcification was seen 
on the left lateral cardiac border. Low voltage QRS 
complexes were seen in all five electrocardiograms ; 
all five patients were in sinus rhythm and P waves 
were normal. ST segment abnormalities were not 
seen, but minor T wave inversion was present in 
two patients. 

'The only patient with a long history (case 1) had 
another unusual feature: the enlargement of the 
heart was mainly to the right and the right border 
showed an angulation the significance of which was 
not certain (Fig. 2). He also had a firm enlarged 
cirrhotic liver with splenomegaly. Cardiac catheter- 
isation showed a right atrial pressure of 12 mmHg 
and the right ventricular pressure record showed 
the typical early diastolic dip and raised end- 
diastolic pressure of constrictive pericarditis. Cine- 
angiocardiography showed the heart to be displaced 
to the right with a small right ventricular cavity 
and a large pericardial effusion (Fig. 3). In view of 
these observations this patient was operated on 
without preceding aspiration. 

In the remaining four patients the initial diag- 
nosis was effusion with tamponade; two to five 





| A" b» 
- E ^ 
Fig. 1 Chest x-ray film (case 3) showing enlarged 
cardiac shadow. 
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aspirations were carried out in each of these 
patients. After each aspiration there was a slight 
increase in systolic blood pressure lasting only six 
to 12 hours. The raised venous pressure and 
hepatomegaly were unchanged. The aspirated fluid 
was thin in all and blood stained in three. The 
transient beneficial effect of pericardiocentesis and 
the overall deterioration was the indication for 
pericardiectomy, which was done two to 14 days 
after admission in these four patients. 

At operation, the chest was opened through a 
median sternotomy incision in one while the other 
four had a left anterolateral thoracotomy. The 
pericardial effusion amounted to between 200 and 
400 ml. The parietal pericardium was normal both 
macroscopically and histologically in one, slightly 
thickened in one, and grossly thickened in the 
remaining three patients. The epicardium varied 
from a taut white membrane no more than 2 mm 
thick to 8 mm thick in the two patients who were 
subsequently shown to have tuberculosis. 

There were no adhesions between the two layers 
of pericardium. In all five there was considerable 
restriction of ventricular relaxation in diastole. 
Epicardiectomy alone sufficed in one, and in all five 
resulted in an obvious improvement in cardiac 
filling associated with a fall in the central venous 
pressure. In only case 3 was there any tendency for 
the epicardium to infiltrate the myocardium. The 





Fig. 2 
of cardiac shadow to the right with angulation of the 
right border. 


Chest x-ray film (case 1) showing displacement 
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Fig. 3 Right ventriculogram showing small ventricular 
cavity and large pericardial effusion 


case 1). 


other four patients also required excision of the 
parietal pericardium. The immediate results were 
gratifying; three patients were discharged in excel- 
lent condition with normal blood pressure, normal 
venous pressure, and no oedema, hepatomegaly, or 
ascites. Two were much improved and when re- 
viewed two years later showed further improvement, 
with no restriction of activity; residual hepato- 
splenomegaly in case 1 was attributed to cirrhosis. 
The histological appearance was that of tuberculosis 
in two and of acute pyogenic infection in one, and 
was consistent with a viral infection in the other 
two patients. 


Discussion 
. 


Constriction is regarded as the culmination of 


y= 


tA Tani 
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chronic pericardial disease and has in the past been 
usually associated with tuberculosis.‘ Sporadic 
reports have appeared of patients proceeding to 
constriction after an illness as brief as two weeks, 
with symphysis of the two layers of pericardium. 14718 
Though the association of pericardial effusion and 
concomitant constrictive epicarditis has been 
infrequently reported, a review of the published 
cases shows that it occurs in many different diseases. 
The presenting clinical features with the exception 
of ascites may easily be confused with those of 
pericardial effusion with tamponade. Pulsus para- 
doxus was not observed by us though it has been 
described as being a feature of effusive constrictive 
disease,?” 

Hancock - analysed the clinical and haemo- 
dynamic features of effusive constrictive pericarditis, 
which were identical to those in our five cases, and 
drew attention to those features that were of 
diagnostic significance in distinguishing this condi- 
tion from chronic constrictive pericarditis without 
effusion and pericardial effusion with tamponade. 
In his series pulsus paradoxus was more prominent 
in both effusive constrictive disease and effusion 
with tamponade than in chronic constriction with- 
out effusion. The characteristic third heart sound 
that is present in chronic constriction without 
effusion was rarely heard in the other two conditions, 
though similar sounds could be recorded on 
phonocardiograms in effusive constrictive disease, 
the presumption being that the sound was muffled 
by the fluid. Low voltage QRS complexes and 
flattened or inverted T waves were present in the 
electrocardiograms of both effusive constrictive 
disease and chronic constriction without effusion, 
but abnormal P waves were rare in the former. 
Kussmaul’s sign was present in the jugular venous 
pulse, but pressure tracings indicated that, while in 
chronic constriction without effusion there was 
always a rise in right atrial pressure, in effusive 
constrictive disease there was an increase in the 
amplitude of the pulsations not always associated 
with a rise in right atrial mean pressure. The 
characteristic y descent of chronic constriction 
without effusion was not seen in effusive constrictive 
disease where either a more prominent systolic (x) 
descent was present or x and y descents were equal. 
However, in the effusive constrictive group the y 
descent became more obvious after pericardial 
aspiration. In four of our patients there was visible 
elevation of the venous pressure, and in the other 
(case 1) the right atrial mean pressure was high 
though the venous pressure was not seen to be 
raised. In only two of our cases was the y descent 
seen; an x descent was not seen in any case. No 
third heart sound was heard. 
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Hancock advocated simultaneous cardiac 
catheterisation and  pericardiocentesis for ‘the 
diagnosis of combined effusion and constriction. 
The diagnosis though not easily made initially 
should be strongly suspected from the poor response 
to pericardial aspiration and this should lead to 
pericardiectomy as the next step in treatment. 

'The constricting layer of epicardium may be 
deceptively thin and normal in appearance,!? but 
the small heart size and restricted range of move- 
ment should indicate the presence of constriction. 
The parietal pericardium may be normal, in which 
case it should be left alone; however, if it is diseased, 
then excision of both visceral and parietal layers is 
necessary. Because of the dominant role of the 
epicardium in this disorder, the term epicarditis as 
first used by Burchell? and Edwards? is preferred 
to pericarditis. The constrictive epicardium in sub- 
acute effusive constrictive epicarditis shows a lesser 
tendency to infiltrate myocardium than in chronic 
constriction without effusion, though in both con- 
ditions piecemeal removal is usually necessary. The 
natural history appears to be progression to chronic 
constriction without effusion” and if left alone these 
cases will show the same tendency to myocardial 
infiltration as is seen in constriction without 
effusion.® It therefore seems expedient to carry out 
early pericardiectomy before the development of 
myocardial infiltration, which further compromises 
cardiac function and makes operation difficult. The 
good results obtained in this series confirmi this 
view. 
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Comparative echocardiographic features of conditions 
presenting with symptomatic pulmonary hypertension 
and right ventricular hypertrophy in early infancy* 


RAMAN PATEL,ł DALE ROWLAND, KENNETH R BLOOM,ł 
CONSTANCE M WILLIAMS, RICHARD D ROWE 


From the Division of Cardiology, Department of Paediatrics, The Hospital for Sick Children, Toronto, 
Ontario, Canada 


SUMMARY Echocardiographic dimensions in infants (less than 2 months) with pulmonary hypertension, 
associated with coarctation of the aorta in 21, total anomalous venous return in 10, and left-to-right 
shunts in 14 were compared with 10 infants with respiratory distress syndrome, seven with transient 
tachypnoea of the newborn, 20 normal children, and with each other. Distinguishing features of total 
anomalous pulmonary venous return were very significantly lower left atrial and left ventricular 


` dimensions. Right ventricular enlargement was maximal in patients with coarctation of the aorta and 


total anomalous pulmonary venous return. Left ventricular end-diastolic dimension in coarctation of the 
aorta was not significantly different from normal but the left ventricular end-systolic dimension was 
significantly lower, suggesting a hypercontractile left ventricle. Similar findings were observed in 
patients with left-to-right shunts. 

M-mode echocardiograms are hence valuable in differentiating conditions which may present 
with intractable congestive cardiac failure in the newborn and also distinguishing them from common 
respiratory disease of the neonate. 


Congestive cardiac failure in the neonatal period is It is not uncommon to observe that the femoral 
often associated with pulmonary hypertension. arterial pulses vary in neonates with coarctation of 
Several conditions such as coarctation of the aorta, the aorta.? Hence, it may not be possible to distin- 
large left-to-right shunts via ventricular septal  guish from other lesions causing congestive cardiac 
defect, persistent ductus arteriosus, and atrial septal failure. 
defect may occur singly or in combination. Total Echocardiographic features of coarctation of the 
anomalous pulmonary venous return, usually with aorta have been described recently.? Echocardio- 
obstruction to the pulmonary veins, can present graphic features of total anomalous pulmonary 
with intractable congestive cardiac failure. It is venous return were described,’ though the implica- 
this latter condition that may be confused with tions of demonstrating an echo-free space behind 
respiratory distress syndrome since the radiological the left atrium have been challenged.* * The systolic 
features often consist of an obscured cardiac time intervals, in the prognosis of neonates with 
shadow.! respiratory distress syndrome, have been studied.” 
Since the management of respiratory distress However, a comparative analysis of these conditions 
syndrome consists of continuous positive airway has not been made and superficial similarities 
ventilation in addition to correction of acidosis, it consisting of an enlarged right ventricle may exist. 
is imperative that a precise diagnosis is made to 'The purpose of this paper was to make a com- 
avoid potentially hazardous cardiac investigations. parative analysis of the echocardiographic features 
* Supported in part by a grant from the Ontario Heart Foundation. of conditions presenting with pulmonary hyper- 
+Present address: The Royal Manchester Children's Hospital, tension and congestive cardiac failure in the neonate. 


Pendlebury, Manchester M27 IHA. —— Need We believe that there are differentiating echo- 
$ Present address: Brooke Army Medical Centre, Division of di hic f th: ble th linici 
Cardiologyy Fort Sam Houston, Texas 78234, USA. cardiograpnic eatures i at enable the clinician to 
Received for publication 10 December 1979 make a more precise diagnosis. 
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Subjects and methods 


This study was performed on infants less than 2 
months old admitted to The Hospital for Sick 
Children, Toronto, in congestive cardiac failure. 
The distribution of age and weight at the time of 
the study is set out in Table 1. 

Initial assessment consisted of physical examina- 
tion, chest radiograph, electrocardiogram, and M- 
mode echocardiogram. Twenty-one patients were 
diagnosed as having coarctation of the aorta (group 
1) Ten with total anomalous pulmonary venous 
return formed group 2. Ten had respiratory distress 
syndrome and these with seven newborns with 
transient tachypnoea jointly formed group 3. 
Fourteen with large left-to-right shunts (Qp/Qs > 
3:1) either had ventricular septal defect alone, in 
five, or in combination with persistent ductus 
arteriosus and atrial shunt, in nine, and jointly 
formed group 4. Finally, 20 patients without any 
cardiac or respiratory disease formed group 5, and 
served as controls. 

The patients with coarctation of the aorta, total 
anomalous pulmonary venous return, and left-to- 
right shunts all underwent cardiac catheterisation 
and selective angiocardiography. All the patients in 
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groups 1, 2, and 4 were found to have severe 
pulmonary hypertension at cardiac catheterisation: 
pulmonary artery pressure greater than 3/4 mmHg 
systemic. The patients with coarctation of the aorta 
did not have any associated intracardiac lesions 
apart from a small ventricular septal defect in nine 
(Qp/Qs «1:5:1) and mild aortic stenosis in four 
(aortic valve gradient «25 mmHg). Patients with 
total anomalous pulmonary venous return did not 
have any associated intracardiac lesions. Pulmonary 
venous return was to the innominate vein in five, 
superior vena cava in one, and infradiaphragmatic 
in three. The connection was mixed supracardiac 
in one. 

Echocardiograms were obtained using a 5 MHz 
transducer (6 mm active diameter, non-focused) and 
Hoffrel 101C ultrasonic interfaced to a Cambridge 
recorder. Infants were examined at rest lying 
comfortably and without sedation. Recordings were 
obtained as described previously. Systolic time 
intervals were measured from aortic and pulmonary 
valve leaflet motion recorded at 100 mmj/s.?. 
Echocardiograms were reviewed by at least two of 
the authors independently. The aortic root dimen- 
sions (Ao) were measured from the anterior margin 
of the posterior wall to the anterior margin of the 


Table 1 Age, weight distribution, right ventricular, left atrial, and aortic root dimension 











Age Weight RVW RVED LAD Ao LA|[Ao 
(d) (kg) (mm) (mm) (mm) (mm) 

Group 1: Coarctation of aorta 

n=10 Living 18:1 3:46 3:6 151 163 9-4 1-74 
(2-42) (21-43) 218 45 i28 +19 20-4 

n=11 Dying 88 3-52 44 17-4 14-9 9-0 1-69 
(1-21) (2:77-4:16) x07 +46 £33 +13 +0-8 

n=21 Summary 13-2 3-49 3-95 17-2 15-6 9:32 1-72 
(1-42) (2:1-4:3) +128 +48 +31 +16 +06 

Group 2: Total anomalous pulmonary venous return 

n= Living 19:8 2:94 42 15:8 10-4 8-4 1:24 
(4-47) (2-1-3-9) +08 i52 41-6 418 i02 

nes Dying 22-0 3:29 34 15:4 8-6 70 1:2 
(1-43) (1:3-5-7) x15 x34 +27 x10 +02 

n=10 Summary 20-9 3:42 3-8 15-6 9-5 T 1:22 
(1-47) (1-4-5-7) £115 +43 22-15 +14 (1-0-1-4) 

Group 3: Transient tachypnoea of newborn 

n=7 1:37 32 3-4 83 13-1 8-8 1-49 
(1-3) (2 3-3 9) x07 +39 +26 40-5 +06 

Respiratory distress syndrome 

n= 10 : 36 3-0 10-8 ir9 8-9 1-33 
(1-2:3) (1:5-4:1) +0: +31 +21 +09 +40:42 

Group 4: Left-to-right shunts (ventricular septal defects, persistent ductus arteriosus, atrial septal defect} 

n=14 24:6 2:54 32 125 15- 93 1-64 
(4-40) (1-6-2-96) i08 21343 3-72 +114 +04 

Group 5: Normal 

n:220 92 32 2:5 10-0 13-0 10-0 13 
(1-20) (2:1-4-4) 0-45 +095 +135 +4075 +0-5 





RVW, right ventricular wall thickness; RVED, right ventricular end-diastolic diameter; LAD, left atrial diameter; Ao, aortic root diameter 


Comparative echocardiographic features 


anterior wall at end-diastole.1° Right ventricular 
wall thickness (RVW) was measured at end- 
diastole (onset of R wave) as was the right ventricu- 
lar dimension (RVED). The right ventricular 
dimension was measured from the right septal 
surface to the epicardium." Left ventricular 


. dimensions were measured at end-systole (LVES), 


and end-diastole (LVED). Ejection fraction (EF) 
was determined from the left ventricular dimensions 
using a regression equation as suggested for infants.!? 

The ratio of pre-ejection period to ejection time 
was used to avoid the problem of variation of each 
individual index with heart rate.? 13 

The data was subjected to the Student’s test for 
statistical significance. Mean echocardiographic 
measurements were compared by one-tailed or two- 
tailed t tests as appropriate. For instance, since we 
predicted that the left heart measurements in 
coarctation of the aorta (group 1) and left-to-right 
shunts (group 4) would be larger than those in 
total anomalous pulmonary venous return (group 2) 
one-tailed tests were used. When measurements 
were heteroscedastic, so that the usual t test could 
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Results 
The results have been set out in Tables 1 and 2. 


GROUP 1: COARCTATION OF AORTA (NO. 21) 
Right ventricular wall thickness and right ventri- 
cular end-diastolic dimensions were increased as 
compared with group 5 (p<0-005). Aortic root 
dimension and left ventricular end-diastolic dimen- 
sion were slightly lower than normal (p « 0-05 and 
«0-03). The left ventricular dimension at end- 
systole was, however, not significantly different. 
The left atrial to aortic root (LA/Ao) was increased. 

There was no significant difference in the 
dimensions of the right and left ventricles between 
the patients with additional ventricular septal 
defects (nine patients) and those with isolated 
coarctation of the aorta. The left-to-right shunt 
through the ventricular septal defect, however, was 
small (P/S — 1-5/1). In another group of eight 
patients with large ventricular septal defects and a 
pulmonary/systemic ratio varying from 2/1 to 4/1 
the right ventricular dimensions (RVED, RVES) 











not be used, a variant due to Cochran was used.^ ^ and left ventricular end-diastolic dimensions 

Table 2 Left ventricular dimensions, ejection fraction, and systolic time intervals 
Age Weight LVED LVES EF LSTI RSTI 

(d) (hg) fmm) (mm) (95) PEPIET PEP{ET 

Group 1: Coarctation of aorta 

n=10 Living 181 3:46 169 11:3 59-3 0-35 0-36 
(2-42) (21-43) +38 x21 i179 i0:24 i 0-22 

n-—li Dying 88 3:52 16-2 12:2 52:1 0:38 0-32 
(1-21) (2-77—4-16) +34 +07 +204 +028 +018 

n-2l Summary 13-2 3:49 16:5 1L8 55-5 0-36 0:34 
(1-42) (2:1-4:3) +36 21-4 +195 +020 +02 

Group 2: Total anomalous pulmonary venous return 

n=5 Living 19:8 2:94 12:0 T8 61:0 0:37 0:29 
(4-47) (2-1-3-9) i27 +14 +185 +022 +03 

n=5 Dying 22-0 3-29 11-6 76 60-4 0-4 0-48 
(1-43) (1:3-5-7) 13:55 z0-9 +200 +022 +034 

n=10 Summary 20:9 34 11:5 77 60:7 0-38 0:37 
(1-47) (1:0-5-7) x3:15 1-15 i183 +0°22 +0-36 

Group 3: Transient tachypnoea of nile 

n=7 37 3-2 15:6 9:8 63-7 0:38 0:28 
13) (2:3-3:9) +18 i22 +198 +012 +0:14 
Respiratory distress syndrome 

n=10 45 3-6 16:1 10-1 64:4 0:37 0-35 
(1-23) (15-41) +235 +165 +169 +0°26 i022 

Group 4: Left-to-right shunts (ventricular septal defects, persistent ductus arteriosus, atrial septal defect) 

n=14 24:6 2:54 17- 10-8 65:4 0-29 0:36 
(4-40) (1:6-2-96) +£3-08 +201 +108 +012 +0-16 

Group 5: Normal 

n=20 92 3-2 18-7 13:3 53-1 t 0:35 0:24 
(1-20) (2:1-4-4) 44-24 +16 i42 +006 40:07 





LVED, leff ventricular end-diastolic diameter; LVES, left ventricular end-systolic diameters EF, ejection fraction; LSTI, left-sided 


systolic time intervals; RSTI, right-sided systolic time intervals. 
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(LVED) were larger when compared with group 1 
(p«0-1). 


GROUP 2: TOTAL ANOMALOUS PULMONARY 
VENOUS RETURN (NO. 10) 

Right ventricular wall thickness and right ventricu- 
lar end-diastolic dimensions were increased 
(p«0:005). The- left atrial and left ventricular 
dimensions were significantly less than normal 
(p « 0-001). The LA/Ao ratio, however, was normal. 
The ventricular septal motion was normal in five, 
flat in three, and reversed in two: 


GROUP 3: RESPIRATORY DISTRESS SYNDROME 
AND TRANSIENT TACHYPNOEA OF 

NEWBORN (NO. 17) 

The echocardiographic dimensions did not differ 
significantly from normal apart from slightly lower 
left ventricular and aortic dimensions. This may 
be the result of the relatively younger age group 
(Tables 1 and 2). 


GROUP 4: LEFT-TO-RIGHT SHUNTS 

(VENTRICULAR SEPTAL DEFECT AND 

VENTRICULAR SEPTAL DEFECT PLUS 

PERSISTENT DUCTUS ARTERIOSUS) (NO. 14) 
The right ventricular wall thickness and right 
ventricular end-diastolic dimensions were only 
slightly increased as compared with normal 
(p<0-01 and <0-025). Neither the aortic root 
dimensions nor the left ventricular end-diastolic 
dimensions were significantly different. However, 
the left ventricular end-systolic dimension was 
significantly decreased (p«0-001). This finding 
confirmed the angiographic impression of a 







$Coarciotion of the Aorta (n-21) 
Total anomalous pulmonazy venous return {n=10} 
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Fig. 1 Comparison of echocardiographic dimensions in 
coarctation of the aorta (group 1) and total anomalous 
pulmonary venous return (group 2). p values are given 
for each value. Abbreviations as in Tables 1 and 2. 
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Fig. 2 Comparison of echocardiographic dimension in 
left-to-right shunts (group 4), normal (group 5), and 
total anomalous pulmonary venous return (group 2). 
The p values in each column refer to comparison between 
group 4 versus group 5, and group 4 versus group 2. 


hypercontractile left ventricle in this group of 
patients. 

'Therefore, patients in groups 1, 2, and 4 had 
increased right ventricular end-diastolic dimension 
and right ventricular wall thickness. Groups 1 and 4 
had increased left atrial dimension, while group 2 
had significantly low left atrial dimension and left 
ventricular end-diastolic dimension. 

When echocardiographic dimensions of groups 1 
and 2 were compared with each other (Fig. 1) left 
ventricular end-diastolic, end-systolic, and left 
atrial dimensions were significantly lower in 
patients with total anomalous pulmonary venous 
return (p <0:001). The aortic root dimension was 
also lower (p < 0-01). When group 2 was compared 
with group 3, the most significant differences were 
lower left ventricular end-systolic, end-diastolic, 
left atrialj and aortic dimensions, and increased 
right ventricular wall and right ventricular end- 
diastolic dimension in group 2 (Tables 1 and 2). 
Similarly, when group 2 was compared with group 4, 
the most significant findings were lower left atrial, 
aortic, and left ventricular end-diastolic and end- 
systolic dimensions. Though the right ventricular 
wall and right ventricular end-diastolic dimensions 
were increased in group 2 as compared with group 4, 
the differences were not statistically significant 
(Fig. 2). Group 1 differed from group 4 in that the 
right ventricular wall and right ventricular end- 
diastolic dimensions were significantly thicker and 
larger. The systolic time intervals for the rigth 
ventricle in patients with total anomalous pul- 
monary venous return who died were iucreased 
compared with those who survived. The aortic 


Comparative echocardiographic features 


root dimension was also reduced in those who died. 
However, in patients with coarctation of the aorta 
(group 1) no significant differences of ventricular 
function were observed in survivors compared with 
those who died (Table 2). Similarly, the contractility 
indices in groups 3 and 4 were not significantly 
different. Ventricular performance based on ejection 
fraction and systolic time intervals was also not 
significantly different among the various groups. 


. . * 
Discussion 


Symptomatic coarctation of the aorta, total anomal- 
ous pulmonary venous return, and left-to-right 
shunting at ventricular and/or duct level all present 
with pulmonary hypertension as a major haemo- 
dynamic abnormality in early infancy. Superficial 
similarities exist between these. In addition, 
respiratory distress syndrome and transient tachyp- 
noea of the newborn may be confused clinically. 
A full evaluation of the echocardiogram helps in 
the differential diagnosis, : 

Echocardiographic features of total anomalous 
pulmonary venous return have been described 
previously and include the demonstration of an 
echo-free space posterior to the left atrium. 
However, this finding has also been observed in 
patients without total anomalous pulmonary venous 
return by us and others.*!5 It may represent 
structures such as the coronary sinus and epicardial 
fat. It is therefore unreliable as the sole diagnostic 
feature. Septal motion in patients with total anomal- 
ous pulmonary venous return may either be normal, 
flat, or reversed. In our series, there was reversed 
motion in two, flat in three, and normal in five. 
There was no correlation between the septal motion 
and the left-to-right shunt or the presence of 
pulmonary venous obstruction. A previous study 
had suggested that the lack of paradoxical septal 
motion may be a result of the reduction of the left- 
to-right shunt in the presence of pulmonary venous 
obstruction.!9 The ejection fraction may be un- 
reliable in the presence of abnormal septal motion. 
'The right ventricular systolic time intervals were 
significantly prolonged in those who died. This has 
prognostic value in the clinical setting. 

The significant differences between neonates 
with total anomalous pulmonary venous return 
(group 2) as compared with respiratory distress 


‘syndrome (group 3) consisted of lower left heart 


dimensions in group 2 (Tables 1 and 2). It is 
important that distinction between these two 
groups is made so that unnecessary and hazardous 
cardiac catheterisations in neonates with respiratory 
distress syndrome are avoided. By contrast, patients 
in group 2 require urgent cardiac catheterisations 
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so that there is no deterioration. before emergency 
surgery for reimplantation of the pulmonary venous 
trunk into the left atrium. 

We believe that while there are no specific M- 
mode echocardiographic features of coarctation of 
the aorta and total anomalous pulmonary venous 
return, the echocardiographic dimensions of the 
left heart chambers usually help to differentiate the 
two groups (Fig. 1). Similarly, the group with 
left-to-right shunt caused by ventricular septal 
defect and persistent ductus arteriosus can also 
easily be distinguished from total anomalous 
pulmonary venous return on the basis of signifi- 
cantly increased left heart dimensions (Fig. 2). The 
left heart dimensions in groups 1 and 4 were not 
significantly different from each other but the right 
ventricular end-diastolic dimension and right 
ventricular wall thickness were significantly greater 
in group 1 (p «0-002 and <0-05, respectively). 

Both coarctation of the aorta and total anomalous 
pulmonary venous return have enlarged right 
ventricular dimensions with thickened right ventri- 
cular wall. However, the left atrial, left ventricular, 
and aortic root dimensions are significantly lower 
in total anomalous pulmonary venous return. 
Angiocardiographic volume determinations in total 
anomalous pulmonary venous return have shown 
that the left atrial volume is reduced but the left 
ventricular volume is normal" Similarly, an 
analysis of the geometry of the left ventricle in 36 
fatal cases with total anomalous pulmonary venous 
return has shown that the left ventricular mass is 
within normal limits.1% Hence, the lower left 
ventricle is pushed back and flattened by the 
enlarged right ventricle. Thus, though the minor 
dimension may be lower, the volume may not 
necessarily be reduced. 

In our experience, the left heart dimensions in 
obstructed infradiaphragmatic total pulmonary 
venous return have always been smaller than 
normal. In such cases real-time echocardiographic 
examination using a xiphisternal approach may 
indeed show the absence of pulmonary veins 
entering the left atrium and also show the descend- 
ing pulmonary venous trunk behind the left atrium. 

Infants with coarctation of the aorta (group 1) 
and those with left-to-right shunts (group 4) were 
found to have normal left ventricular end-diastolic 
diameters but the left ventricular end-systolic 
dimensions were lower than in the normal group. 
This suggests a hypercontractile left ventricle as 
often seen on angiocardiography in these conditions. 

Infants with total anomalous pulmonary venous 
return who died had a higher systolic time interval 
ratio (PEP/ET) as well as smaller aortic roots 
compared with those who survived. Echocardio- 
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graphic features did not appear to have prognostic 
significance in the other groups. 

Pulmonary hypertension is common to a number 
of cardiac anomalies in infancy. The causative 
haemodynamics are different in each condition. 
The M-mode echocardiogram tends to reflect these 
differences, and is of great help in arriving at a 
clinical diagnosis and also in planning the subse- 
quent catheterisation and management of the 
patient. | 
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These days, US. experts 
are taking care to recommend 
polyunsaturates. 


Inter-Society Commission for American Medical Association 
Heart Disease Resources 1970. Council on Foods and Nutrition 
“Primary prevention of 1972. “Diet and Coronary 
atherosclerotic diseases.” Heart Disease.” 


American Health Foundation Select Committee on 


1972. “Diet and Coronary Nutrition and Human Needs 


1977. “Dietary goals for the 
United States.” 


American Heart Association 
Committee on Nutrition 
1978. “Diet and Coronary 
Heart Disease.” 


Heart Disease.” 


White House Conference 
1973. “Nutrition policies in 
the Seventies.” 





Six U.S. expert committees have now reported on diet 
and CHD. 

All six recommend partial substitution of saturated fats 
by polyunsaturated fats. 

The most recent report* advises that “the proportion of 
saturated fatty acids in the diet be brought into proper 
balance, 

“To this end the levels of saturated fatty acids should be 
decreased to less than 10% of the total calories... 

“Polyunsaturated fatty acids should supply up to 10% of 
the total calories, which can be 


accomplished easily.” Ce wr. 
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Echocardiographic measurement of right ventricular 
wall thickness in adults by anterior approach 


TSUKASA TSUDA, TOSHITAMI SAWAYAMA, NOBUYOSHI KAWAI,* 
TAKAKAZU KATOH, SHOSO NEZUO, KAZUHIKO KIKAWA 


From the Division of Cardiology, Department of Medicine, Kawasaki Medical School, Kurashiki, Japan 


SUMMARY The best way to record the right ventricular wall by echocardiography was investigated in 
40 consecutive adult subjects with normal hearts and with various congenital and acquired cardiac 
disorders. 

The right ventricular wall echo was recorded by (1) an anterior approach from the left sternal 
border in the supine position with 2:25 and 5:0 MHz transducers; (2) a subxiphoid approach with a 
2:25 MHz transducer; and (3) an anterior approach in an 80-degree sitting position with 2-25 and 
5:0 MHz transducers. 

The highest successful recording rate (80°(,) was obtained by an anterior approach in the supine 
position with a 5:0 MHz transducer. The recording success rate by an anterior approach in the sitting 
position was 70 and 37-5 per cent with 5:0 and 2-25 MHz transducers, respectively, and the success 
rate by a subxiphoid approach was 50 per cent. 

The normal range of the right ventricular wall thickness in 25 out of another 32 normal adults 
examined by the best way was 2-4.:-0-5 mm. When divided by body surface area, the normal right 
ventricular wall thickness index was 1-7+0-2 mm/m*. 

The right ventricular wall thickness of another 21 patients with right ventricular overload ranged 
from 2:5 to 16 mm, and seemed to correlate well with pulmonary arterial systolic pressure. The right 
ventricular wall thickness index had a better correlation with pulmonary arterial systolic pressure. 

It is concluded that a 5:0 MHz transducer is more suitable for the recording of the right ventricular 
wall by a standard approach than a 2-25 MHz transducer, and this method would be useful for the 
diagnosis of right ventricular hypertrophy. 


Echocardiography seems to have been widely used Subjects and methods 

as a non-invasive method for the examination of the 

left side of the heart. For the right side there are OPTIMAL METHOD OF RECORDING RIGHT 
many problems to be resolved. The method and its VENTRICULAR WALL 

usefulness of recording the right ventricular wall The first object of the study was to find out the 
by a subxiphoid approach have been previously best method of recording the right ventricular wall. 
reported,! but the usefulness of an anterior approach, We studied 40 consecutive patients, 11 of whom 
especially in diagnosing right ventricular hyper- were normal subjects, the remaining 29 having 
trophy in adults, has not yet been established. For various cardiac disorders as shown in Table 1. 
this reason the purpose of our present study was: At first, each subject was examined echocardio- 
(1) to find out the optimal method for recording the graphically in either the supine or left lateral 
right ventricular wall; (2) to determine the normal decubitus position as a routine, after which we 
range of the right ventricular wall thickness; and recorded the right ventricular wall. 


(3) to examine the usefulness for the diagnosis of The recordings of the right ventricular wall were 
(3, g : g 

right ventricular hypertrophy. done in five ways, namely, with 2:25 MHz and 
* Present address: Division of Cardiology, Seikeikai Hospital, Sakai, agam with 5:0 MHz transducers parasternally at 
Japan. e the third or fourth intercostal space, first in the 
Received for publication 4 September 1979 supine or 15-degree left lateral decubitus position 
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(anterior supine approach) (Fig. 1), and then with 
a 2:25 MHz transducer through the subxiphoid 
area (subxiphoid approach) (Fig. 2). Finally, the 
patients were raised passively to an approximate 
80-degree sitting position and the recordings were 
taken with 2-25 and 5-0 MHz transducers from the 
left sternal border at the third or fourth intercostal 
space (anterior sitting approach) (Fig. 3). 

For recording the right ventricular wall we chose 
the beam direction through which the maximal left 
ventricular transverse dimension could be recorded. 
When the right ventricular wall could not be 
recorded distinctly in this direction, the transducer 
was directed slightly towards the apex until the 
right ventricular wall endocardium became clear. 
We concluded each of our studies in one hour 
even if we were unsuccessful in obtaining a clear 
right ventricular recording. 


The measurement of the right ventricular wall 
thickness was taken only at end-diastole, that is at 
the peak of the R wave on the electrocardiogram. 
We found that the quality of recording of the right 
ventricular wall was clear enough to estimate its 
thickness when the endocardium and epicardium 
were recorded distinctly at the end of diastole even 
if the endocardium of the right ventricular wall 
could not be recorded continuously throughout all 
of systole and diastole. After the tracings were 
obtained by our five recording methods, the 
percentage of those cases whose right ventricular 
wall thickness could be measured by each method 
was calculated. 


225MHz 


Fig. 1 Tracings obtained by an 
anterior supine approach with 
2:25 MHz (left panel) and 

5:0 MHz (right panel) transducers. 
The scale between the right and 
left panels was different. Left 
ventricular posterior wall 
endocardium on the right panel was 
recorded poorly because ultrasound 
vith higher frequency had greater 
absorption and scattering. 

IVS, interventricular septum; 
LV, left ventricle; LVPW, iet 
ventricular posterior wall ; 

RV, right ventricle; RVAW, right 
ventricular anterior wall, 
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Table 1 Subjects used for study of transducer type and 
position 
Clinical diagnosis 40 subjects 
Normal il 
Mitral valve disease MS 6 
MR 3; 
Aortic valve disease (2 
Coronary artery disease old MI 2 E 
angina 3) 
Hypertension 2 
Cardiomyopathy 2 
Congenital he .t disease ASD 2 3 
VSD 1 
Others 6 





ASD, atrial septal defect; old MI, old myocardial infarction; 
MR, mitral regurgitation: MS, mitral stenosis; VSD, ventricular 
septal defect. 


NORMAL VALUE OF RIGHT VENTRICULAR 
WALL THICKNESS 

In the second part of our study another 32 normal 
subjects, 28 men and four women with a mean age 
of 50-4 years (range 30 to 75), were studied to 
establish the normal range of right ventricular wall 
thickness. 

"These subjects visited our hospital for a check-up, 
and denied any cardiac symptoms. After the physical 
examination, chest x-ray, exercise electrocardio- 
graphy (double Master's two-step test) and 
peripheral blood examinations these subjects 
were recorded as having no heart disease. 

We recorded the right ventricular wall by the 
method which had the highest recording rate 
according to our findings, and on an enlarged scale 
so that we could measure the right ventricular wall 
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Echocardiographic measurement of right ventricular wali thickness 


thickness accurately (Fig. 4). The thickness of the 
right ventricular wall was represented by the 
distance between the epicardial surface echo and 
the endocardial surface echo at the peak of the 
R wave on the electrocardiogram. The right 
ventricular thickness index was derived from 
dividing by the body surface area. 


CORRELATION OF ECHOCARDIOGRAPHIC AND 
HAEMODYNAMIC FINDINGS 

In the third part of our study, another 21 patients 
with various cardiac disorders of right ventricular 
overload as shown in Table 3, who underwent 
cardiac catheterisation, were studied to examine the 
feasibility of diagnosing right ventricular hyper- 
trophy with echocardiography. The echocardio- 
grams of the right ventricular anterior wall were 
recorded by the same method as the second part 
of the study. Correlation between the right ventri- 
cular anterior wall thickness and pulmonary arterial 
systolic pressure, and between the right ventricular 
anterior wall thickness index and pulmonary 
arterial systolic pressure, were studied. 

The echocardiograms were obtained using an 
Trex echomodule interfaced Irex Continutrace 101 
strip chart recorder. A 2:25 MHz, 12 mm diameter 
focused Irex ultrasound transducer and a 5:0 MHz, 
6 mm diameter Irex or Aloka ultrasound transducer 
were used. 


Results 
OPTIMAL RECORDING 


'The tracings were obtained by the five recording 
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Fig. 2 Tracings obtained by a subxiphoid approach 


with 2-25 MHz transducer. For abbreviations refer to 
Fig. I. 
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Fig. 3 Tracings obtained by an 
anterior sitting approach with 
2-25 MHz (left panel) and 

5:0 MHz (right panel) 
rransducers. For abbreviations 
refer to Fig. L 


Fig. 4 Right ventricular 
anterior wall recordings on an 
ordinary scale and an enlarged 
scale using an anterior supine 
approach with 5-0 MHz 
transducer. The right panel shows 
an expanded recording of the 
right ventricular anterior wall, 
The right ventricular wall 
thickness was measured from the 
upper border of the epicardial 
echo to the upper border of the 
endocardial echo. For abbreviations 
refer to Fig. 1. 
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methods, and the percentage of cases whose right 
ventricular wall could be measured is shown in 
Table 2. Either in the supine or sitting position the 
rate of successful recording with the 5:0 MHz 
transducer was higher than with the 2:25 MHz 
transducer. The best method for recording was 
with the patient supine with a 5:0 MHz transducer 
(8075). Using a 2-25 MHz transducer in the supine 
position, the success rate was 47-5 per cent, and 
with the 2-25 and 5-0 MHz transducers in the sitting 
position it was 37-5 and 70 per cent, respectively. A 
subxiphoid approach with 2-25 MHz transducer 
gave a 50 per cent success rate. When a 5:0 MHz 
transducer was used in either the supine or sitting 
position, the success rate was 92:5 per cent. 


NORMAL VALUE 

By the best recording method of the right ventricular 
wall, that is the anterior approach in the supine 
position with a 5:0 MHz transducer, the righ 
ventricular walls were clearly recorded in 25 out o 
32 normal subjects (78?,). The normal thickness 
of the right ventricular anterior wall was 2-4 + 
05mm (mean +1 SD), ranging from 1:8 to 
3:5 mm. The right ventricular anterior wall thick- 
ness index was 1:7 -02 mm/m? (mean +1 SD). 


Table 2 Percentages of successful recordings of right 
ventricular wall by various methods (n —40j 








Anterior approach Subxiphoid 
Transducer approach 
Supine Sitting 
2:25 MHz 19 15 20 
(47:574) (37-35%) (50-05) 
50 MHz 32 28 
(80-0%,) IUE 
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CORRELATION OF ECHOCARDIOGRAPHIC AND 
HAEMODYNAMIC FINDINGS 

The right ventricular anterior wall thickness of the 
patients with right ventricular overload ranged from 
2:5 to 16 mm (4:6 -3-1 mm (mean +1SD)). The 
right ventricular anterior wall thickness index was 
between 1:6 and 10 mm/m? (33-21 mm/m?). 
Pulmonary arterial systolic pressure ranged from 
25 to 120 mmHg (53-8 +32-3 mmHg). 
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Fig.5 Relation between right ventricular anterior wall 
thickness index ( RVAW Ti) and pulmonary arterial 
systolic pressure (PASP). A good correlation was 
obtained (r= - 0:85). ASD, atrial septal defect; CP, 
cor pulmonale ; MS, mitral stenosis; MSR, mitral 
stenosis with regurgitation; PDA, persistent ductus 
arteriosus; PPH, primary pulmonary hypertensien ; 
VSD, ventricular septal defect. 


Echocardiographic measurement of right ventricular wall thickness 


The right ventricular anterior wall thickness had 
a good correlation with the pulmonary arterial 
systolic pressure (r= + 0-77). The right ventricular 
anterior wall thickness index gave a better correla- 
tion with pulmonary arterial systolic pressure as 
shown in Fig. 5 (r= +-0-85). An echocardiogram of 
the patient with primary pulmonary hypertension 
who had the thickest right ventricular anterior wall 
(16 mm) is shown in Fig. 6; his pulmonary arterial 
systolic pressure was 120 mmHg. 


Discussion 


There are many reports available concerning the 
measurement of the left ventricular wall thickness 
by echocardiography,*"' and its feasibility has been 
attested to by a good correlation with ventriculo- 
graphy,’ and surgical inspection.” Reports related 
to the thickness of the right ventricular wall, 
however, have been limited to infants.” In adults 
it is only recently that the subxiphoid approach,! 
and the standard approach using a 2:25 MHz 
transducer?! have been introduced. But the 
measurement of right ventricular anterior wall 
thickness by a standard approach with a 2-25 MHz 
transducer is usually uncertain because of poor 
recording. +? 

The impetus to perform this study first came to 
us when we encountered a patient who could not 


Table 3 Echocardiographic and haemodynamic data in 
21 patients with right ventricular overload 








Case (and Diagnosis BSA RVAWT RVAWT: PAP 
HO. sex inti immi ímmim*)  (nonHgi 
1 41 M ASD 1:44 £0 56 102:50 
2 55 F ASD lid 30 35 80:35 
3 42 F ASD 1:50 40 27 32/12 
4 45 F ASD 1:58 45 28 30:15 
5 44 M ASD 170 30 18 237 
6 65 F ASD 1:38 35 25 30/12 
7 22 F ASD i44 2,5 17 35:10 
8 55 M ASD 1-06 3-0 19 33,15 
9 56 M VSD 1:43 4-0 2:8 45:14 
10 24 M | VSD 1:55 40 2:6 36/15 
11 45 F PDA 1-16 60 52 110770 
12 46 M PPH 160 160 10-0 120/60 
13 49 M CP 1-40 70 50 100:55 
i4 56 F CP 1:35 40 30 84:40 
15 55 JE MSR 1:39 80 58 74:30 
16 36 F MS 1:26 30 2-4 23:14 
17 56 F MS 1:37 2:5 18 40:17 
18 37 F MS 1:40 2:5 1:8 26/10 
19 53 E MS 1:43 2:5 17 45:25 
20 45 F MS 1-52 25 r6 23/8 
21 45 F MSR 1-31 3-0 23 36:16 


————A^A^€A€A—^A«A^«^«A«^« —————————— 
ASD, atrial septal defect; BSA, body surface area; CP, cor 
pulmonale: MS, mitral stenosis; MSR, mitral stenosis with 
regurgitation; PAP, pulmonary artery pressure; PDA, persistent 
ductus arteriosus; PPH, primary pulmonary hypertension; 
RVAWT, right ventricular anterior wal! thickness; RVAWTi, 

right ventricular anterior wall thickness index; VSD, ventricular 
septa! defect, 
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Fig. 6 Echocardiogram by anterior approach with 

5:0 MHz transducer in a 46-year-old man with primary 
pulmonary hypertension (case 12 in Table 3). The right 
ventricular anterior zeall thickness is 16 mm, as indicated 
by arrows. 


assume the supine position because of dyspnoea 
during an echocardiographic examination. We found 
that we could make a distinct record of the right 
ventricular anterior wall endocardium by an 
anterior approach, with the patient in the sitting 
position. Then we tried an anterior sitting approach 
as well as the anterior supine and subxiphoid 
approach. 


BEST METHOD OF RECORDING RIGHT 
VENTRICULAR WALL 

We found that an anterior supine approach with a 
5:0 MHz transducer gave the best results. It is well 
known that the higher the frequency of a transducer, 
the greater its resolving power. Our results seem 
to bear this out. It has been reported that the 
success rate by a subxiphoid approach was 90-6 per 
cent! but in our study it was only 50 per cent. 
Since one of the requirements in the routine 
examination is to shorten its duration as much as 
possible, we have limited the time required for one 
case to 60 minutes. If we had taken longer than our 
limit of 60 minutes for each method, the percentage 
of successful recordings might have been slightly 
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higher. However, in comparing the results obtained 
under the same conditions by our five methods, the 
recording success rate by an anterior supine 
approach was highest. 


NORMAL VALUE 

The normal value of the right ventricular wall 
thickness proved to be 2-4 +0:5 mm, which seems 
to coincide well with the findings in hearts in Japan 
brought to necropsy. It has been said that the 
normal right ventricular wall thickness is from 2 to 
3mm, and right ventricular hypertrophy is diag- 
nosed when right ventricular wall thickness is 
3:5mm or more in necropsied hearts.? By a 
subxiphoid approach the right ventricular wall 
thickness has been reported to have a normal range 
of 3-4+0°8mm.! Though there are differences 
between anterior and subxiphoid approaches, our 
normal values have correlated with those of hearts 
coming to necropsy? when we used an anterior 
supine approach. Recording through the subxiphoid 
may give a slightly greater value because the ultra- 
sonic beam may traverse the right ventricular wall 
diagonally. 

'To record the right ventricular wall we chose 
the beam direction through which the maximal left 
ventricular transverse dimension could be recorded. 
When the right ventricular wall could not be 
recorded distinctly in this direction, the transducer 
was directed slightly towards the apex until the 
right ventricular wall endocardium became clear. 
We believe that this beam direction would also be 
useful in measuring right ventricular wall thickness 
more accurately because the beam should traverse 
the right ventricular wall perpendicularly in order 
to record it distinctly. 


VALIDITY OF ANTERIOR APPROACH WITH 
5:0 MBZ TRANSDUCER 

'The right ventricular anterior wall thickness cor- 
related well with pulmonary arterial systolic 
pressure. In all 21 patients with right ventricular 
overload, pulmonary arterial systolic pressure was 
equal to the peak systolic pressure of the right 
ventricle because there was no obstruction between 
the pulmonary artery and the right ventricle. We 
consider that the right ventricular anterior wall 
thickness increases in proportion as pulmonary 
arterial systolic pressure increases whether the 
right ventricle is volume-overloaded or pressure- 
overloaded. 

The correlation coefficient between the right 
ventricular anterior wall thickness index and the 
pulmonary arterial systolic pressure was higher 
than that between the right ventricular anterior wall 
thickness and the pulmonary arterial systolic 
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pressure. This indicates that the right ventricular 
anterior wall thickness index is more suitable for 
diagnosing right ventricular hypertrophy than the 
absolute value of the right ventricular anterior wall 
thickness. 


CLINICAL IMPLICATION 
Electrocardiographically, it is often difficult to 
diagnose right ventricular hypertrophy and biven- 
tricular hypertrophy, especially in cases with 
bundle-branch block or Wolff-Parkinson-White 
syndrome. Sometimes it is also difficult to differen- 
tiate right ventricular hypertrophy from true 
posterior wall infarction. The present study 
indicates that echocardiography by standard ap- 
proach with a 5-0 MHz transducer is useful for 
diagnosing right ventricular hypertrophy even in 
these cases because this method provides an 
adequate visualisation of the right ventricular 
anterior wall, facilitating the measurement of its 
thickness. 


Conclusion 


(1) The best method of recording the right ventri- 
cular wall after testing two transducers and 
three approaches proved to be an anterior 
approach in the supine position with a 5-0 MHz 
transducer. 

(2) The normal range of the right ventricular wall 
thickness measured in 25 normal subjects by the 
best recording method was 2-4 --0:5 mm. This 
gave the thickness index of 1:7+0-2 when 
divided by body surface area. 

(3) Recording the right ventricular wall can be 
made successfully by a standard approach 
(anterior approach) when a 5:0 MHz transducer 
is used, and this method is considered to be 
valuable in the diagnosis of right ventricular 
hypertrophy. 


We thank Mr Seiichi Yamamoto for his expert 
technical assistance, and Dr Jules Constant, 
Buffalo General Hospital, for reviewing this 
manuscript. 
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Evidence for emotionally-induced coronary arterial 
spasm in patients with angina pectoris" 
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SUMMARY ‘Twelve executives with typical angina pectoris, given a 12-minute quiz, designed to be 
psychologically stressful, responded with ST depressions of 1-0 mm. Each of these patients was given 
an exercise tolerance test on an upright bicycle to induce an amount of ST depression equivalent to 
that observed during the quiz. A statistical analysis was made of the products of the heart rate and the 
systolic blood pressure (rate-pressure product), at the onset of equivalent ST depression on both tests. 
At the maximal ST depression during the quiz, the mean rate-pressure product was 181 +64 (SD) x 10?, 
and at an equivalent ST depression during exercise it was 2254-54 X 10?; the mean difference was 
444-40 x 10?. 

Inasmuch as the rate-pressure product is an index of myocardial oxygen consumption, the 
differences in rate-pressure product suggest that myocardial ischaemia occurred at a lower myocardial 
oxygen consumption during emotional stress than during exercise. If equivalent degrees of ST 
depression during exercise and the quiz are indicative of equivalent ischaemia, then a relative reduction 
in coronary blood flow during emotional stress, probably by coronary spasm, may be postulated as the 
most reasonable explanation for these observations. 


It has been observed that, in patients with angina suggested that emotional stress, like exercise, 
pectoris, chest pain tends to be produced whenever  provokes angina by increasing the myocardial 
the myocardial oxygen consumption exceeds a oxygen consumption above a critical level. 

critical value. Whether the angina occurred We examined the relation between angina pectoris 
spontaneously or in response to exercise, it seemed and emotional stress using a larger patient popula- 
always to recur at about the same myocardial tion and electrocardiographic criteria for myocardial 
oxygen consumption for each patient. These results ischaemia, rather than subjective patient reporting. 
furthered the theory that angina was produced by A comparison was made of the rate-pressure pro~ 
a fixed atherosclerotic coronary lesion and seemed ducts at the time of equivalent ST responses to 
to refute a role for coronary spasm in the syndrome exercise and to emotional stress. 

of typical angina pectoris. Robinson! reported one 

patient who developed angina in response to Subjects and methods 

performing mental arithmetic as well as to exercise. 
Using the rate-pressure product (heart rate multi- 
plied by systolic blood pressure) as an index of 
myocardial oxygen consumption, he noted that the 
rate-pressure products were similar at the onset of 
the angina, regardless of how it was provoked. He 


Thirty-six patients with angina pectoris and not 
taking digitalis were given a 12-minute tape 
recorded quiz, designed to be stressful, while the 
electrocardiogram and blood pressure were being 
monitored. A full description of the quiz electro- 
* This research was supported, in part, by grants from the National cardiogram has been reported.? Those patients 
Mel c EE oy a grant froni EER ETRE manifesting at least 1 mm of ST segment depression 
National Data Organization, and analysis was performed on the in response to the quiz were selected for exercise 
PROPHET System, a national computer resource sponsored by the — tolerance testing. 


ical/Biologi formation Handling P , National ; ; , 
nemica ae par En Handing Program: IanO Each patient, upon arrival at the cardioyascular 
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Stress and rate-pressure product 


then asked for written informed consent to the 
study. The tests were given without cost or 
remuneration to the patient. After a detailed 
history and physical examination, a 12 lead, supine, 
resting electrocardiogram was recorded. A brief 
unstructured psychiatric interview was also con- 
ducted. No patient was accepted for study who 


“manifested unstable angina, recent myocardial 
infarction (within six weeks), unstable resting - 


electrocardiogram, or other significant illness except 
stable hypertension. All tests were performed in an 
exercise laboratory, using the same precautions as 
are used for tolerance testing.? For both the quiz 
electrocardiogram and the exercise tolerance test, 
exercise electrocardiographic electrodes were ap- 
plied as described by Mason and Likar. The 
electrocardiogram was calibrated to 1 mV/10 mm, 
and the response signal was evaluated before each 
test. Blood pressure measurements were obtained 
by auscultation using a standard sphygmomano- 
meter. Diastolic blood pressure was determined by 
the disappearance of the Korotkoff sounds. 

A baseline electrocardiogram was recorded with 
the exercise electrodes, with the patient sitting in 
the same position used during exercise and the quiz. 
'Three baseline blood pressure readings were also 
taken. 

Subjects were then instructed to answer questions 
asked on a 12-minute tape recording.? During this 
quiz, the electrocardiogram was monitored contin- 
uously, and the blood pressure was measured at 
least every two minutes. 

The 12 patients with positive responses to the 
quiz electrocardiogram constituted the study group. 
'They were given an upright bicycle exercise toler- 
ance test to induce an equivalent ST segment 
depression. Progressively more intense four-minute 
work loads, each followed by a five-minute rest 
period, were used. Blood pressure was measured by 
auscultation during the last minute of each exercise 
load, or at the onset of ST segment depression. 

Most of the exercise tests were performed on the 
same day as the quiz electrocardiogram, with a 
45-minute rest period between tests. When the 
tests were performed on different days, they were 
performed within 48 hours of each other. Both the 
quiz electrocardiogram and the exercise tolerance 
test used the same monitoring leads, and were 
conducted at a room temperature of 21?C (70?F) 
and at approximately the same time of day with 
patients in the fasting state and in the same body 
position. 

Using the criteria of Ellestad and Wan;? the ST 
segments were carefully measured with a magnify- 
ing glass, using the PQ junction as a reference. The 
ST segment depression at 0-08 second after the 
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J point was considered as the extent of depression. 
Each reported ST segment value represented the 
average of the measurements of 10 consecutive beats. 

All the patients in this study were executives, 
defined as those whose occupation is classified by 
the US Bureau of the Census as either professional, 
managerial, or sales. A previous study has shown 
that executives tend to respond significantly more 
to the quiz electrocardiogram than do non- 
executives.? 

'The study group consisted of 11 men and one 
woman, aged 52 to 69 years (mean 62). All had 
typical angina, defined as recurrent chest pressure 
discomfort of brief duration, usually precipitated 
by physical exertion. Two had undergone coronary 
angiography, each revealing at least 70 per cent 
occlusion of a coronary artery; five had a history of 
a documented myocardial infarction; and two had 
a history of hypertension. One patient was taking 
propranolol at the time of the study; otherwise no 
medication known to affect the cardiovascular 
system was taken for 72 hours before the study. 
'The 12 patients in the study group did not differ 
from the 24 patients who had less than 1-0 mm ST 
depression on the questionnaire, with regard to 
physical examination, history, or psychiatric inter- 
view. 


Results 


ST SEGMENT RESPONSES 

In each of the 12 patients who developed >1-0 mm 
ST segment depression during the quiz electro- 
cardiogram, exercise testing was able to induce an 
amount of ST segment depression equivalent to 
that on the quiz. The Figure shows the equivalent 
S'T segment changes for four patients. No patient 
developed chest pain during the study. 


DIFFERENCES IN THE RATE-PRESSURE 
PRODUCTS . 

The Table presents the individual heart rates, 
blood pressures, and rate-pressure products for 
both tests at the onset of ST segment depression. A 
statistical analysis was made of the rate-pressure 
products at the time of equivalent ST segment 
depressions on both tests. At the time of maximal 
ST depression during the quiz, the mean rate- 
pressure product was 181 +64 (SD) x 10%, and at 
an equivalent ST depression during exercise it was 
225 +54 (SD)x10?*. The mean difference was 
44 +40 (SD) x 10?. By paired t test p was <0-005. 


Discussion 


Roughgarden’ reported that patients with spon- 
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CASE NO CONTROL QUIZ EXERCISE 








/ 





W.M. d 64 
Fig. The control electrocardiograms before the quiz and 
the equivalent electrocardiographic response to the quiz 
and to exercise of four patients with typical angina 
pectoris. None of these patients had undergone 
angiography, and none was taking drugs at the time of 
study. All tracings were recorded from lead V5 with the 
exception of those of case 1 which were recorded from 
lead I, 


taneous angina had symptoms that were preceded 
by imcreases in heart rate and blood pressure. 
Similarly, Robinson! showed that 15 patients with 
angina pectoris, who exercised on two or more 
occasions, had angina which tended to occur when 
a critical rate-pressure product was exceeded. He 
also reported one patient who developed angina in 
response to the emotional stress of performing 
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mental arithmetic, as well as to an exercise stress. 
In that patient, angina occurred when a critical rate- 
pressure product was exceeded, regardless of the 
type of provocative stress. The work of Rough- 
garden? and Robinson! thus tends to argue against 
a significant role for coronary spasm in ischaemic 
heart disease. 


Using the same basic arguments as Robinson! 
we hypothesised that if ischaemia were the result of 
a fixed coronary blockage, then the myocardial 
oxygen consumption at the onset of ischaemia 
should be the same regardless of how the ischaemia 
was provoked. In 12 patients we were able to 
provoke S'T segment responses suggesting ischaemia 
under two conditions: emotional stress and physical 
stress. Ischaemic ST responses occurred at signi- 
ficantly lower rate-pressure products during emo- 
tional stress than during exercise stress. If ST 
depression during exercise had occurred when a 
"critical" rate-pressure product was reached, then 
during the emotional stress the ST depression 
occurred at a point significantly below the alleged 
"critical" rate-pressure product. 


The rate-pressure product is considered to be a 
valid index of myocardial oxygen consumption.*- !* 
The occurrence of ST segment depression at a 
lower rate-pressure product reflects less coronary 
blood flow only if the myocardial oxygen demands 
are faithfully reflected in the rate-pressure product. 
Increased left ventricular volume leads to increased 
wall tension, and thus myocardial oxygen uptake is 
increased for any given rate-pressure product.!: 
Hence, if ventricular volume were greater for the 
psychological stress than during exercise, more 
S'T segment depression would be expected. In this 


Table Individual heart rates, blood pressures, and rate-pressure products at time of equivalent ST responses to quiz 


and to exercise 





Quiz electrocardiogram 


Exercise electrocardiogram 





Case no. Heart Systolic Diastolic Ram x 
rate blood pressure blood pressure pressure 
fbiminj immHg; / mmHg xn 

1 110 184 120 202 
2 112 180 92 202 
3 72 168 94 121 
4 83 150 86 124 
5 150 190 120 285 
6 96 145 80 139 
7 79 170 98 134 
8 130 230 104 299 
9 113 188 100 212 

10 108 154 96 166 

11 110 182 108 200 

12 64 144 92 92 
** * NS hk 

Mean = SD 102 +25 174 «24 99 «12 181 +64 


* p: 0:02 (compared with exercise); ** p< 
NS, not significant; SD, standard deviation. 








Heart Systolic Diastolic Rate x 
rate blood pressure blood pressure pressure 
bimini ‘mmHg } ! mmHg x 10% 
140 190 106 266 
129 200 110 258 
112 186 104 208 
95 148 80 141 
120 210 110 252 
113 166 80 188 
100 210 110 210 
136 230 110 313 
121 164 86 199 
128 164 102 210 
145 208 120 302 
92 168 96 155 

119 «17 187 «25 101 213 225 454 


0-01 (compared with exercise); *** p «0-005 (compared with exercise); » 
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Stress and rate-pressure product 


study, at the time of the equivalent ST depression, 
the systolic pressure was slightly but significantly 
lower during the emotional quiz compared to 
exercise. This lower pressure would be expected to 
be associated with a lesser ventricular volume. Also, 
during exercise, the increased venous return would 
be expected to lead to a larger ventricular volume 
than during emotional stress.!?!? On the other 
hand, emotional stress may be associated with 
increased venous tone which might lead to an 
increase in central venous pressure and ventricular 
volume. Therefore, alterations of ventricular 
volume have not been ruled out. Myocardial 
contractility may also affect myocardial oxygen 
demands!5 and, in view of the higher heart rate 
during exercise, may have been higher during 
exercise stress. 

We compared the rate-pressure products at 
equivalent amounts of ST segment depression 
during the exercise and emotional stress. Though it 
cannot be considered proven that equivalent 
amounts of ST segment depression represent 
equivalent amounts of ischaemia, this assertion is 
supported by work in animals.!9 " ST segment 
depression is a more objective index of the degree 
of myocardial ischaemia than subjective reporting 
of a chest discomfort. 

If the rate-pressure product adequately reflects 
the myocardial oxygen consumption, and if 
equivalent amounts of ST segment depression 
represent equivalent amounts of ischaemia, then 
the most likely explanation for our findings is that 
emotional stress provoked a transient, relative 
decrease in myocardial oxygen delivery. A hypo- 
thesis that a shift in the oxyhaemoglobin curve could 
produce clinical ischaemia has not been sustained.15 
A hypothesis that platelet aggregation might cause 
a transient coronary obstruction has some support 
from work on a dog preparation, but has not yet 
been demonstrated to have clinical significance in 
angina patients. Generalised or local constriction— 
or even local dilatation—of coronary resistance 
vessels are potential but unproven pathophysiologi- 
cal mechanisms by which emotion might induce 
ischaemia. Furthermore, ST and T changes 
resembling myocardial ischaemia have been en- 
countered at rest in healthy men with normal 
coronary arteriograms and attributed to catechol- 
amine hypersecretion or hypersensitivity.?° On the 
other hand, it is known that the conducting coronary 
arteries contain smooth muscle which is sensitive 
to neural and chemical stimulation and which has 
been repeatedly shown by coronary visualisation to 
cause clinically significant coronary spasm.?!-?3 

Our ebservations in patients with classical 
angina are compatible with the hypothesis that 


65 


coronary artery spasm, in addition to atherosclero- 
sis, may play a role in the production of the 
ischaemic electrocardiographic responses to emo- 
tional stress. 
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Haemodynamic and electrocardiographic effects of 
frusemide during supine exercise in patients with 
angina pectoris 


| W NECHWATAL,* E KONIG, J ISBARY, H GREDING, M STAUCH 


From the Second Medical Department, Krankenhaus München- Schwabing, Munich, and the 
Division of Cardiology, University of Ulm, Ulm, West Germany 


SUMMARY The influence of frusemide on haemodynamic, electrocardiographic, and symptomatic response 
to exercise was studied in 19 patients with documented coronery artery disease. During the control 
exercise period all patients experienced angina and showed ST segment depression, accompanied by 
raised pulmonary artery wedge pressures (PWP). In 12 of these patients 40 mg frusemide was adminis- 
tered intravenously and in the other seven patients 40 mg frusemide was given orally. After significant 
diuresis (7400 ml), the exercise test was repeated. Data were collected at the same exercise work load 
and duration as had been achieved before frusemide. 

Both in the intravenous and oral group there was a reduction in cardiac output at rest and a less 
obvious reduction during exercise. The PWP during exercise after intravenous frusemide decreased 
from 32-9 to 11-8 mmHg and after oral frusemide from 30-7 to 15-7 mmHg. During the control period 
there was evidence of mitral regurgitation in seven of the patients during angina, as shown by high 
amplitude v waves in the PWP recordings. These alterations disappeared completely after the 
administration of frusemide. Ischaemic ST' depression improved in 15 of 19 patients after frusemide 
(0-21 vs 0:09 mV). Furthermore, there was a reduction of complete suppression of anginal pain in 18 
of 19 patients. Ten patients were capable of continuing exercise for a further period of time at the same 
work load. 

These data, demonstrating the antianginal properties of frusemide, may be explained by the 
reduction in ventricular volumes and pressures, resulting in a decrease in myocardial wall stress and 
oxygen demand. The effects may be the result of both the diuretic action of frusemide and its venodilator 


capacity. 


Frusemide has been extensively used in the suggested that similar haemodynamic changes may 
treatment of heart failure and its effects on cardio- occur after frusemide and glyceryl trinitrate in 
vascular dynamics in failure are well established. =° patients with acute myocardial infarction. The 
Clinical relief of symptoms of pulmonary congestion clinical observation of Wilkins, and Hollander et 
frequently precedes any demonstrable diuretic — ai? that administration of diuretic agents may be 
effect, suggesting that extrarenal factors may also associated with amelioration of anginal pain, have 
be involved. More recent studies on the extra- prompted us to study the possible role of frusemide 
renal action of frusemide showed an increase of in patients with typical exercise-induced angina 
venous capacitance as an early haemodynamic effect pectoris. Spontaneous changes in the course of 
of the drug.? coronary artery disease may obscure the effects of 

Little is known, however, about the effects of any drug intervention after sustained oral treat- 
diuretics in patients with left ventricular dysfunction ment in patients with angina pectoris. For this 
secondary to myocardial ischaemia. Dikshit ez al? reason, a single dose was used to assess the effective- 
*Present address: Division of Cardiology, University of Ulm, €S8 Of intravenous and oral frusemide in patients 
Steinhdvelssrasse 9, 7900 Ulm, West Germany. with angina pectoris and documented coronary 
Received for publication 11 October 1979 artery disease not in clinical heart failure. Because 
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_of the subjective nature of antianginal response 
alone, emphasis is placed on the influence of the 
drug on haemodynamic variables and on ischaemic 
ST depression. 


Subjects and methods 


Nineteen patients, aged 42 to 61 years (average 52 
years), with coronary artery disease and stable 
exercise-induced angina pectoris were studied. All 
patients had either a history of clearly documented 
myocardial infarction (eight subjects) and/or angio- 
graphic proof of more than 70 per cent narrowing 
jn at least one major coronary artery. None had 
received diuretic drugs, antihypertensive agents, 
nitrates, or beta blocking agents within 48 hours 
before examination. The history of anginal pain 
ranged from six months to eight years and was 
induced by physical exercise in all patients. None 
had clinical or radiological evidence of cardiac 
enlargement or failure, valvular heart disease, or 
arrhythmias. Informed consent was obtained from 
each patient. 

'Thirty minutes before the study period, all 
subjects exercised at a work load comparable to that 
of the following main exercise periods. This allowed 
us to observe the patients’ response, the potential 
occurrence of rhythm disturbances, and also to 
attenuate the influence of previous exercise per se 
on the haemodynamics during the study period. 

Right heart catheterisation was performed with- 
out premedication using Swan-Ganz flow-directed 
catheters for the simultaneous determination of 
right atrial pressure, pulmonary artery pressure, or 
pulmonary artery wedge pressure. Pulmonary 
artery wedge pressure was considered as a reason- 
able approximation to left ventricular filling 
pressure. Cardiac output was determined in 
triplicate by means of the thermal dilution 
technique with the same catheter equipment.” 12 
Systemic blood pressure was recorded either by 
introducing polyethylene cannulae percutaneously 
into a brachial artery (10 cases) or by a sphygmo- 
manometer (nine cases). All intravascular pressures 
were determined with a Statham strain gauge from 
a zero reference level 6 cm below the angle of Louis 
and averaged over 10 heart cycles. The pressures 
and the praecordial electrocardiographic leads V4 to 
V6 were monitored on an oscilloscope throughout 
the study and recorded simultaneously at a paper 
speed of 50mm/s on a multichannel recorder. 
ST segment depression was measured during the 
maximal horizontal or downsloping displacement 
below the level of the PR interval. 

Following recordings of the resting values the 
patients performed supine leg exercise on a bicycle 
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ergometer at a constant, individualised work load 
previously determined to evoke angina consistently 
within three to six minutes. The pressure recordings 
and electrocardiograms were repeated during exer- 
cise at one minute intervals and during the exercise 
angina episode. The exercise value of cardiac 
output was measured during the final minute of 
exercise, when the patients indicated the presence 
of definite chest pain. The patients were familiar 
with describing the degree of chest pain as “mild”, 
"moderate", or "severe" from previous examina- 
tions. 

After completion of ‘the control study period 
40 mg frusemide were given intravenously to 12 
patients and 40 mg oral frusemide to seven patients. 
Within 25 minutes after intravenous administration 
of the drug, all patients in this group micturated 
spontaneously more than 400 ml urine. At this time 
each patient was restudied in an identical manner. 
In the oral group the post-frusemide study was 
performed 50 to 90 minutes (average 61 minutes) 
after administration, depending on the time of 
spontaneous micturition of more than 400 ml urine. 
Data were collected at the same exercise work load 
and duration as during the control study period. 
Those patients who were free of complaints and 
capable of continuing exercise were asked to do 
so at the same level of work load for a further period 
of time. Pressure values, as in the pre-frusemide 
study, were obtained at one minute intervals during 
exercise. Exercise cardiac output in the post- 
frusemide study was measured at the same time as 
during exercise before frusemide, irrespective of 
the presence or absence of angina pectoris. 

Statistical analysis of the data was carried out 
using paired Student's t test. 


Results 


(A) HAEMODYNAMIC STUDIES 

The haemodynamic response to intravenous and 
oral frusemide is presented in Fig. 1 to 3. Left 
ventricular filling pressure, as reflected by the mean 
pulmonary artery wedge pressure (PWP), decreased 
slightly at rest. Before frusemide, a precipitous 
increase in PWP was observed during exercise in 
all but one patient. After frusemide, at the same 
exercise duration as before the drug, there was a 
striking decrease of exercise PWP by 64 per cent 
in the intravenous group (32:°9+11-1 mmHg vs. 
11:8 35:5 mmHg, p « 0:001) and by 49 per cent in 
the oral group (30°7+5-4mmHg vs. 157491 
mmHg, p«0:01) Values of PWP in patients 
receiving intravenous frusemide are shown in 
detail in Fig. 3. Bach of the 12 subjects showed a 
reduction in exercise PWP after frusemide. 
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Fig. 1 Mean values of cardiac 
output (CO), pulmonary artery 
wedge pressure (PWP), right 
atrial mean pressure (RAMP), 
and pulmonary artery mean 
pressure (PAMP) of 12 patients 
with coronary artery disease 
during the control study period 
(solid lines) and the 
haemodynamic response to 
intravenous frusemide (interrupted 
lines) at rest (R) and during 
exercise (E). 


Fig. 2 Control values (solid 
lines) and haemodynamic response 
to oral frusemide (interrupted 
lines) in seven patients with 
coronary artery disease. Same 
abbreviations as in Fig. 1. 
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The occurrence of angina was associated with 
high left ventricular filling pressures in all but one 
patient in the pre-frusemide exercise test. Usually 
the rise of left ventricular filling pressure preceded 
the beginning of anginal pain. After frusemide 
administration, filling pressures were lower in all 
cases throughout the study. When angina was 
encountered in the post-frusemide exercise test, 
PWP was higher than in patients without angina, 
though angina clearly was produced at lower filling 
pressures compared with the pre-frusemide examin- 
ation (Fig. 3). 

Right ventricular filling pressure, as reflected by 
right atrial mean pressure (RAMP), also decreased 
slightly at rest. During exercise, at the same 


20 
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I 
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Fig. 3 Individual values of pulmonary artery wedge 
pressure (PWP) at rest and at one minute intervals 
during exercise before and after 40 mg intravenous 
frusemide. The circles indicate the occurrence of angina 
pectoris. For comparison of data before and after 
frusemide, the curves of the 12 patients are marked with 
corresponding numbers. Patients free of symptoms after 
frusemide at the same exercise duration continued 
exercising for a further period of time (dotted lines). 
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exercise duration as before frusemide, RAMP in the 
intravenous group decreased from 8-7 +3-3 mmHg 
to 3-7 +2-4 mmHg (p < 0:001) and in the oral group 
from 9-5 +3-:0 mmHg to 5:6 +4-3 mmHg (p « 0:01). 

'The decrease in pulmonary artery mean pressure 
(PAMP) was similar to the PWP reduction after 
frusemide. The exercise value of PAMP in the 
intravenous group decreased from 45-2 4-9-8 mmHg 
to 27:3 +63 mmHg (p<0-001), and in the oral 
group from 40-4 -4-7 mmHg to 31-4 +11-3 mmHg 
(p < 0-05). 

Cardiac output at rest after intravenous frusemide 
fell by 16 per cent (6:3+1-0]l/min vs. 5-3+0°8 
l/min, p<0-001) and after oral frusemide by 15 
per cent (6-7 4-0-9 I/min vs. 5-7 +0:8 l/min, p < 0-01). 
The reduction in cardiac output during exercise 
after frusemide was 7 per cent in the intravenous 
group (10-1 +2-0 l/min vs. 9-4 -- 1-8 l/min, p < 0-005) 
and after oral frusemide 10 per cent (10-9 +2-3 l/min 
vs. 9-8 - 1:8 l/min, p « 0-01). 

During the control exercise period an increase in 
the v wave amplitude was observed in the PWP 
recordings of seven patients during angina, suggest- 
ing mitral regurgitation. 'These alterations dis- 
appeared completely after administration of the 
drug (Fig. 4a, b). 

Heart rate did not change after frusemide, either 
at rest or during exercise. The average resting 
heart rate of the 19 patients was 76:5 +13-4/min 
during the control period, and 75:9 +13-9/min after 
frusemide ; the exercise values were 114-7 +18-9 and 
113-9 +19-1/min, respectively. 

Systolic brachial artery pressure was.not affected 

by frusemide (rest: 149-9 4-24-0 mmHg vs. 150:8 
+23-4 mmHg; exercise: 194-8 +31-1 mmHg vs. 
195.0 1232-2 mmHg). Diastolic blood pressure 
showed a slight, insignificant increase after fru- 
semide (rest: 92-4--8-0mmHg vs. 95-9491 
mmHg; exercise: 104-6 +15-4 mmHg vs. 107-3 4 
12-3 mmHg). 





(B) ELECTROCARDIOGRAPHIC ABNORMALITIES 
The extent of electrocardiographic abnormalities is 
shown in Fig. 5. Maximal ischaemic ST depression 
during control exercise in the intravenous group 
was 0:20-0:07 mV, and decreased by 60 per cent 
to 0-08 +004 mV in the post-frusemide exercise 
test (p « 0-001). A similar reduction of ST depres- 
sion at the same work load and duration occurred 
after oral administration of frusemide (0-214 
0-08 mV vs. 0-10 4-0-08 mV, p « 0-01). 


(C) ANGINA PECTORIS 

During the control study period, all patients 
experienced mild (n3), moderate (9-8), or 
severe (n —8) angina at a mean work load of 51 watt 
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(range 10 to -110 watt) During exercise after 
frusemide 10 patients were completely free of chest 
pain at the same exercise duration. Three patients 
indicated amelioration of chest pain from "severe" 
to “mild”, three patients from "severe" to *moder- 
ate", and two patients from “moderate” to “mild”. 
In one patient the complaints were unchanged. 
Nine of the ten patients who were completely free 
of complaints continued exercising at the same 
level of work load for an average of 3:5 minutes 
(range 1 to 4-5 minutes). The exercise end-point in 





these patients was a result of angina (three patients) 
and exhaustion (six patients). 


(D) SERUM POTASSIUM 

Serum potassium levels were obtained the day 

before and several hours after completion of the 

study. No significant changes could be found after 

a single intravenous or oral dose of 40 mg frusemide. 
There were no side effects or complications 

during the study. 


Fig. 4 (a) Upper tracing: 
recordings of electrocardiographic 
leads V5 and V6 and simultaneous 
pulmonary artery wedge pressure 
(PWP) during severe exercise- 
induced angina, showing 
anomalous v wave amplitudes. 





(b) Lower tracing: electrocardio- 
gram and PWP of the same 
patient at identical work load after 
intravenous frusemide. There is a 
striking reduction of the PWP 
value and a return to normal of 
the v wave amplitude. 


A.L. 58 J. 
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Discussion 


For the purpose of this study it was important not 
to accept exercise results uncritically. In fact it has 
been repeatedly shown that the first exercise 
challenge is usually a learning experience for the 
patient and that symptoms, pulmonary artery 
pressures, and other haemodynamic variables may 
improve during the second exercise period after 
repeated exercise at the same work load.? There- 
fore, repeated exercise must be interpreted with 
caution when studying the effect of pharmacological 
intervention on haemodynamics. In order to 
compensate for this phenomenon, an exercise study 
after any drug intervention should be made during 
the third rather than during the second exercise 
test.|4 This was achieved by an exercise test 30 
minutes before the study period at a work load 
comparable to that of the following pre- and post- 
frusemide studies. The influence of previous 
exercise per se on the haemodynamic data during 
the study period is thus avoided. 

The present study shows that the major and 
most consistent effect of intravenous and oral 
frusemide is a prompt reduction in right and left 
ventricular filling pressures at the same level of 
exercise in patients with angina pectoris. This effect 
is accompanied in most patients by a reduction or 
complete suppression of anginal pain during 
exercise, in conjunction with an improvement in 
ischaemic ST depression. During angina many 
investigators have demonstrated a reduction of left 
ventricular compliance and contractility, resulting 
in an increase in filling pressure.!5 1? The increase 
in filling pressure is not only a consequence of 
myocardial ischaemia, but results in a further 
deterioration of oxygen supply in the ischaemic 
zones, and thus initiates a vicious circle.!? These 
considerations suggest that any intervention aimed 
at reducing left ventricular filling pressure may be 
beneficial in the treatment of angina pectoris. It 
has been shown by Parker et al.}® that phlebotomy 
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depression in the electrocardiogram oa 

during exercise before and after 40 mg 

intravenous, and 40 mg oral frusemide, o2 
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during an anginal episode is of benefit in ameliorat~ 
ing pain; reduction of left ventricular volumes and 
pressures was the postulated mode of action. 
Likewise, the administration of diuretic agents 
results in a reduction of blood volume and a 
subsequent decrease in left ventricular dimensions 
and myocardial fibre length. Since afterload 
(that is myocardial systolic wall tension) is a func- 
tion not only of intraventricular systolic pressure 
but also of ventricular volume, it may be readily 
appreciated that a diuretic agent that reduces pre- 
load may lower afterload by reducing ventricular 
volume. Furthermore, the action of frusemide is 
not exclusively related to its diuretic properties. 
Rather, the immediate haemodynamic effect of the 
drug is primarily vascular in origin, since pro- 
nounced changes in venous capacitance could be 
shown, indicating a strong venous pooling effect. ? 
The haemodynamic effects of frusemide are 
probably secondary to both fluid depletion and 
increased venous capacitance. 

Our haemodynamic data strongly suggest that 
the “antianginal” effects of frusemide can be 
attributed to the unloading action of the drug. 
Fig. 3 shows that a steep rise in left ventricular 
filling pressure precedes the occurrence of anginal 
symptoms in most patients. After administration of 
frusemide the rise in filling pressures is clearly 
attenuated and the angina end-point delayed 
relative to the pre-frusemide end-point. On the 
other hand, angina in the post-frusemide test, 
though mitigated, occurred at lower filling pressures 
than during the control study. One patient (case 10) 
experienced angina at a very low filling pressure 
even in the pre-frusemide experiment. These latter 
results indicate that other mechanisms apart from 
left ventricular filling conditions are involved in 
the precipitation and termination of angina pectoris 
in patients with coronary artery disease. 

We have plotted the changes in cardiac output 
against left ventricular filling pressure after 
frusemide to provide an approximate assessment of 
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left ventricular function (Fig. 6). The diagram 
shows only a slight reduction in cardiac output 
compared with large reductions in pulmonary 
wedge pressure in all but one patient. In this 
exceptional case (case 10) initial filling pressure was 
low in spite of severe angina, and a further decrease 
in left ventricular filling pressure after frusemide 
resulted in a substantial fall in cardiac output. 
Nevertheless, even this patient showed clinical 
improvement after frusemide. Any increase in 
cardiac output that might have been expected 
during exercise because of the improvement in 
myocardial ischaemia did not result, because of a 
pronounced reduction in pulmonary wedge pres- 
sure, reflecting a large diminution of left ventricular 
preload. 
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Fig.6 Changes in cardiac output ( CO) in relation to 
changes in left ventricular filling pressure (PWP) during 
exercise after 40 mg frusemide in 19 patients with coronary 
artery disease (solid arrows : intravenous frusemide ; 
interrupted arrows : oral frusemide). 
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Ischaemic papillary muscle dysfunction resulting 
in acute mitral regurgitation is probably a common 
finding in coronary artery disease, at least during 
exertional angina.?™?? The wedge pressure curves 
in seven patients during exercise were dominated 
by large v waves, which we interpreted as suggesting 
functional mitral regurgitation during severe 
angina.? Normalisation of the v wave amplitude 
after frusemide provides further evidence for the 
reduction of ischaemia by the drug. 

Frusemide-induced changes in cardiac function 
differ from responses described with other anti- 
anginal agents. Data reported from similar studies 
with glyceryl trinitrate reveal that this drug 
decreases left ventricular end-diastolic pressure and 


reduces cardiac output during exercise. It also 
reduces systemic arterial pressure, and baro- 
receptor-mediated increases in heart rate tend to 
have opposite effects on myocardial oxygen con- 
sumption.!??: Beta blocking agents tend to 
increase left ventricular filling pressure during 
exercise in patients with coronary artery disease, 
as well as in normal subjects,5-? and thus 
may attenuate the beneficial effect on myocardial 
oxygen demand. In this study, frusemide improved 
cardiac performance, as evidenced by a shift to the 
left of the cardiac output/filling pressure relation, 
but did not induce changes in systemic blood 
pressure nor changes in heart rate. 

It appears that the antianginal properties of 
frusemide are the result of reduced left ventricular 
volume in systole and diastole. This leads to 
reduced myocardial wall tension and lower myo- 
cardial oxygen requirements. Reduction of wall 
tension during diastole will allow for improved 
perfusion of the myocardium, especially of the sub- 
endocardial layers of the left ventricle. These 
effects are suggested as being related to the veno- 
dilator capacity of frusemide, which is later sup- 
plemented by its diuretic action. 

Conclusions from these findings should be 
restricted to the acute symptomatic and haemo- 
dynamic response to frusemide, since maintenance 
diuretic therapy could have substantially different 
effects in patients with coronary artery disease. 
'Therefore, as long as no controlled clinical study 
is available, we advocate the additional use of 
frusemide in patients with angina pectoris only in 
the presence of concomitant heart failure or 
hypertension. This concept is compatible with 
limited clinical observations? that administration of 
chlorothiazide may be associated with amelioration 
of the anginal syndrome in hypertensive subjects. 
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Effect of isoprenaline and propranolol on left 
ventricular function as determined by 
nuclear angiography 


R P SAPRU,* W J HANNAN, A L MUIR, H M BRASH, K HARPER 


From the Department of Medicine and Department of Medical Physics and Medical Engineering, 
The Royal Infirmary, Edinburgh 


SUMMARY We have studied changes in left ventricular function with non-invasive nuclear angiography, 
at rest, during graded infusions of isoprenaline (0-75, 1-0, and 2-0 ug/min), and 10 minutes after a single 
intravenous injection of propranolol (0-25 mg/kg). To test the adequacy of beta-adrenoreceptor antagon- 
ism, isoprenaline (2-0 ug/min) was reinfused after propranolol. Eight healthy subjects have been studied. 

Ventricular volume-time curves were obtained by electrocardiogram-gated accumulation of count 
rates in sequential 20 ms time bins (over 500 cardiac cycles) from a selected region of interest 
corresponding to the left ventricular blood pool. 9mTC-HSA was used as the radiopharmaceutical. 
In addition to the ejection fraction, the mean ejection rate, peak rate of change of volume in systole 
and diastole, and the mean ejection and filling times were calculated from these volume-time curves. 
A linear dose dependance has been shown in the changes in ejection fraction, mean ejection rate, peak 
rate of change of volume in systole, and mean ejection time. After beta-adrenoreceptor antagonism the 
resting values of various variables were not significantly different from the control values, except for 
the mean ejection rate. Reinfusion of isoprenaline after beta-adrenoreceptor antagonism was without 
effect on any of the variables. 

This study shows that nuclear angiography provides a satisfactory non-invasive technique for 
the evaluation of cardiac function, especially when physiological and pharmacological interventions are 
examined. 


Changes in ventricular volume can be measured at over a period of at least four hours while physio- 
nucleár angiography by imaging a suitably labelled logical and pharmacological interventions are being 
blood pool within the heart using a gamma camera tested. Furthermore, it is possible to undertake 
system. The electrocardiogram-gated accumulation longitudinal investigation of ventricular function in 
of radioactivity in sequential time bins yields an the same patient without undue discomfort. 
activity-time curve from which complementary In order to define the value of this technique in 
variables of ventricular function may be measured. the clinical assessment of cardiac function and, 
Since count rates within the region being sampled more importantly, sequential changes in cardiac 
are proportional to volume, it is implied that such function, we report on the effect of positive inotropic 
activity-time curves represent proportional volume stimulation with infusions of graded doses of 
change. A good correlation between the ejection  isoprenaline and negative inotropic intervention 
fraction measured by this technique and that with propranolol in a group of healthy subjects. 
measured by contrast cineangiography has been 
reported earlier from this laboratory! and also by Subjects and methods 
other workers. * A distinct advantage of this 
method is that repeated measurements can be made These studies were carried out in eight healthé 
subjects drawn from a routine referral service for 


*Visiting Commonwealth Fellow. : : : ; : 

Present address: Department of Cardiology, Sree Chitra Tirunal the Investigation of acute chest pain. All subjects 

Medical Centre, Trivandrum 695011, India. had a history of vague chest pain thought to be non- 
* Received for publication 6 September 1979 ischaemic in origin. They also had normal findings 
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on a detailed clinical examination, resting and 
exercise electrocardiograms (to a workload of 
900 kpm), and chest x-ray films. Informed consent 
was obtained from all subjects and the study had 
the approval of our hospital ethical committee. 

The patients were studied in the supine position. 
Possible thyroid uptake was blocked by two doses 
of potassium iodide given orally during the preced- 
ing 24 hours. 

Cardiac blood pool imaging was performed in 

the 30° left anterior oblique projection with a 10° 
caudal tilt using: a Nuclear Enterprises Mk 5 HR 
gamma camera fitted with a high resolution parallel- 
hole collimator. Between 12 and 15 mCi of 
technetium-99m labelled to human serum albumin 
was injected into the left antecubital vein through 
an indwelling cannula and flushed in rapidly with 
a single 20 ml bolus of normal saline. 
. After resting measurements for 10 minutes, 
constant rate infusions of isoprenaline were given 
and cardiac imaging was continued. Three sequen- 
tial incremental steps of isoprenaline infusion in 
the dose of 0-75, 1, and 2 ug/min were used. Each 
dose level was maintained for approximately 10 
minutes. After this, beta-adrenoreceptor antagonism 
was produced with a single bolus of 0-25 mg/kg 
body weight of propranolol and the recordings 
repeated after a 10-minute wait. Lastly, isoprenaline 
infusion at a dose of 2 ug/min was restarted while 
the measurements were continued. 

During the procedure the electrocardiogram from 
a display unit, heart rate from a digital counter 
connected to the electrocardiograph, and blood 
pressure by sphygmomanometry were monitored 
continuously. The data from the gamma camera, 
together with a bipolar electrocardiogram derived 
from the chest leads, were recorded simultan- 
eously in analogue form on videotape. 

The ventricular volume curves were generated 
during replay of the data from the videotapes. A 
region of interest corresponding to the left ventricle 
was selected on the gamma camera. Care was taken 
to exclude the left atrium and the right ventricle 
from the selected field of view. For measurement 
of background a crescentic area was defined either 
just inside or just outside the lateral and inferior 
margins of the selected left ventricular region. The 
counts from these two areas were accumulated in 
sequential 20 ms time intervals throughout each 
cardiac cycle beginning with the peak of the R wave 
on the accompanying electrocardiogram. Approxi- 
mately 500 consecutive cardiac cycles were sampled 
for each measurement. The left ventricular region 
of interest was checked after each intervention in 
order to avoid errors caused by changes in the end- 
diastolic volume. 


Sapru, Hannan, Muir, Brash, Harper 


The count rates, along with the RR interval 
histogram, were transferred to a PDP 12 computer 
and ventricular volume curves plotted. The digital 
filtering technique to filter out the high-frequency 
noise from the raw data is described elsewhere.5 
Volume curves showing a standard deviation of the 
RR interval of greater than 60 ms were rejected. 
Corrections were made for background counts and 
the ejection fraction (EF) was calculated.! The 
volume curve was differentiated to give the peak 
rate of change of volume in systole (dV./dt) and 
diastole (dVa/dt). Mean times of ejection (is) 
and filling (ia) were calculated from the ventricular 
curve according to the general equation: 


E(Vi - Vin) . Gebh) 
2 


Z(Vi- Vii) 


m 
I 


for values of t; throughout each phase of 
the cardiac cycle where Vi is the relative 
volume at time ti. 


As a weighted mean these times represent the 
centre of gravity of the corresponding segments of 
the differentiated volume curve. In order to study 
the effect on t, and ta values as a result of changes 
in the cycle length alone, without changes in 
inotropy, measurements were made at rest and at 
peak heart rates after each of two successive 
injections of atropine (600 ug each). The volume 
time curves for this purpose were obtained in a 
similar manner in another six patients recovering 
from a myocardial infarction. 

The left ventricular ejection time (LVET) was 
measured from the volume-time curve as the 
interval between the end-diastolic and end- 
systolic channels. The mean ejection rate was 
calculated as EF/LVET. The volume curve was 
normalised to the end-diastolic volume so that the 
units for various indices, that is peak rate of 
volume change during systole (dVs/dt) and diastole 
(dVa/dt) and the mean ejection rate are expressed 
as end-diastolic volumes per second (ED vol/s). 
Statistical comparisons were made by the Student’s 
t test for paired data. 


Results 


The mean data for all subjects are given in Table 1. 
The heart rate increased from a resting average of 
78 beats per min to 106 beats per min at the maxi- 
mum dose of isoprenaline used. The systolic blood 
pressure increased slightly (+13-0%) .and the 
diastolic blood pressure decreased somewhat 


LV function by nuclear angiography 


(-8-7%), resulting in the characteristic widening 
of the pulse pressure during infusions of isoprena- 
line (Fig. 1). Fig. 2 shows the ventricular volume 
curves at rest and after each of the pharmacological 
interventions in one patient. For all subjects the 
ejection fraction at rest averaged 0:58 +0-06 (SD) 
and increased to 0-°70+0-09 (SD) at an infusion 
rate of 0-75 ug/min (Iso 1), 0-72+0-10 (SD) at an 
infusion rate of 1 ug/min (Iso 2), and 0-76 +0-08 
(SD) at an infusion rate of 2-0 ug/min (Iso 3). After 
beta-adrenoreceptor antagonism the mean ejection 
fraction of 0:52 --0-07 (SD) was not significantly 
different from the resting values. Reinfusion of 
isoprenaline at 2-0 ug/min was now without effect 
(Fig. 3). 

'The changes in mean ejection rate were similar 
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with increases of 45, 57, and 97 per cent during 
incremental doses of isoprenaline. After propranolol 
mean ejection rate was significantly lower (14%, 
p<0-02) than in the control period, and remained 
unchanged when 2 g/min of isoprenaline was re- 
infused (Fig. 3). 

With increasing doses of isoprenaline infusion 
dV,/dt increased progressively by 18, 28, and 63 per 
cent relative to the resting value (Fig. 4). After 
propranolol the mean value was not significantly 
different from that at rest and no significant change 
was seen on reinfusion of isoprenaline at a dose rate 
of 2-0 ug/min. The changes in dVa/dt were some- 
what variable and did not achieve statistical 
significance. 

The mean ejection time (ts) declined progressively 


Table 1 Changes in left ventricular function after beta-adrenergic stimulation with isoprenaline and beta-adrenoreceptot 





antagonism with propranolol 
Variable Rest Iso-1 Iso-2 Iso-3 Prop. Prop + Iso-3 
Dose of drug 0 (0-75 ug/ min) (1 ugimin) (2 ugímin) (0:25 mg/kg) (2 ug[min) 
No. of subjects 8 7 7 8 6 6 
BP systolic 118 +1-8* 124 42:3 126 12:3 133 43:2 118 42-0. 121424 
(mmHg) (<0-02) («0-001) («0-001) (»02) (»0:2) 
BP diastolic 69 418 64415 63411 64418 76429 79232 | 
(mmHg) («0:05 («002 («0:05 (<0-02) (< 0-02) i 
Heart rate per min 78:3 42-90 86-4 2:88 92-0 +3-28 106-0 +4-09 66-7 +2-21 64-6 £3-07 
(«0-01) («0:01) («0-001) («0-01) («0:01 
LVET 303 45-52 254 47-79 237 & 1-33 204 47-49 317 £3:04 313 46:09 
(ms) («0-01) (<0-001) (<0-001) (> 0-05) (> 01) 
LVFT 473 423-89 443 +18-69 429 + 19-19 370 +17-04 579 423-24 588 +3691 
(ms) («0-05) («0:01) («0-01) («0-01) (<0-05) 
Ejection fraction 0-58 40:02 0-70 20-03 0-72 40-04 0-76 «0-03 0-52 40-03 0-53 40-03 
(«0-01) («0:001) («0-001) (> 0-2) (> 0-2) 
Mean ejection rate 1-92 «0-10 2-78 40-20 3-02 40-26 3-78 40:26 1-65 +0-10 1-67 40-13 
(ED vol/s) («0-01) («0-001) («0-001) («0-02) («0-05) 
dVs/dt 5-98 40-26 7-07 40-27 7-65 40-31 9-74 «0:33 6-18 +0-31 5-59 0-31 
(BD vol/s) («0-05) («0:05) (« 0:001) (»0-1) (>0-7) 
dVa/dt 5:65 40-35 5:73 40-41 5-64 40-22 643 40-27 5:20 40-22 5:14 40-40 
(ED vol/s) (>08) (>06) (> 0-05) (>02) (>06) 
Ta (ms) 156 +37 116 +39 112 £53 94 +38 158 +3-0 159 +3-0 
(<0-001) (< 0-001) (<0-001) (> 0-3) (> 0-2) 
ta (ms) 201 13-4 181 +7°3 165 «7-7 166 18:2 214 «20:3 221 +235 
(> 0-05) («0:01) («0-02) (> 0-2) (»0-) 
t/LVET 0-51 +0-01 0-46 40-01 0-47 0-02 0-46 40-02 0-50 40-01 0-51 40-01 
(«0-001), («0-05) («001 (>09) (> 0-9) 
TalLVET 0-43 40°04 0-41 40-01 0-39 3.001 0-45 10-02 0-37 10-03 0-38 40-03 
(>09) (> 0:05) (>0°9) (> 0-05) (> 0:05) 


incen EC ———————— "Y"/MÜ€M""PE€MEPÜ nn € 


* Mean + one standard error of the mean (SE). Figures in parentheses are the p values for the difference from corresponding resting 


measurement. 


Iso, isoprenaline; Prop., propranolol; LVET, left ventricular ejection time; LVFT, left ventricular filling time; dVS/dt and dVa/dt, 
peak rate of change of volume in systole and diastole; t4 and ts, mean times of ejection and filling; ED vol/s, end-diastolic volumes 


per second. y 
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with increasing doses of isoprenaline from 156 +: 
10ms (SD) at rest to 94.-11 ms (SD) at the 
maximum dose of isoprenaline infusion. It returned 
to resting values after propranolol, with no signifi- 
cant change on reinfusion of 2 ug/min of iso- 
prenaline (Fig. 4). The effect of cycle length alone 
on i and ta was examined from data obtained at 
rest and after each of two successive injections of 
atropine. The correlation coefficient between t and 
LVET was 0-41 (p> 0-05) and between ta and the 
left ventricular filling time (LVFT) this was 0-35 
(p»0:1) over heart rates ranging from 63 to 121 
beats per min (80-7 -13-9 SD). The GL/LVET ratio 
was 0:54 at rest and did not change significantly 
after injections of atropine, while the ta/LVFT 
ratio increased progressively with the increase in 
heart rate (Table 2). After injection of isoprenaline 
the correlation coefficient between t, and LVEF 
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Fig. 1 Heart rate and blood 
pressure changes with increasing 
doses of tsoprenaline and after 140 
beta adrenoreceptor antagonism 
with propranolol. 


ÍmmiHg] 





E 


Ji 
z 
es 


Sapru, Hannan, Muir, Brash, Harper 


was 0:90 (p<0-001) and between fa and LVET 
this was 0:58 (p«0-02). A similar but negative 
correlation was found between t& and EF after 
isoprenaline (r= —0-77, p « 0-001). The correlation 
between ta and EF was not significant (r=<0-36, 
p>01). The &L[/LVET ratio decreased from 0-51 
at rest to 0-46 after isoprenaline (Table 1). The 
ta/LVET ratio showed variable and insignificant 
changes. After beta-adrenoreceptor antagonism with 
or without reinfusion of isoprenaline the values of 
is, ta, and &L/LVET were not significantly different 
from the control values. However, fa/L.VFT ratio 
was significantly reduced (Table 1.) 


Discussion 


Until recently the only available methods for the 
measurement of dynamic changes in ventricular 


600 0 


Fig. 2 Ventricular volume curves in one subject at rest and after each of the drugs, Each curve has been accumulated 
over 500 cardiac cycles and the count rates are expressed as a percentage of the end-diastolic counts. The time en the 
abscissa is from the peak of the R wave on the electrocardiogram. 
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volume in man required either contrast angio- 
graphy*" or the implantation at surgery of radio- 
opaque markers.? The limitations of single probe 
TM echocardiography, both on theoretical and 
practical grounds, are now well recognised.9 
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Fig. 3 Changes in ejection fraction and mean ejection 
rate in individual subjects. 
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Fig. 4 Changes in the indices of rate of change of 
volume in systole and diastole with increasing doses of 
isoprenaline before and after beta adrenoreceptor 
antagonism with propranolol, 
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Nuclear angiography provides a useful alternative 
method, especially when sequential measurements 
are desired. 

Three different approaches have been used for 
the study of global volume changes by nuclear 
angiography. Time-activity curves obtained during 
the first pass of a radioactive bolus® !? 13 have the 
advantage of a low background, but the dis- 
advantage of relatively poor counting statistics. 
Furthermore, measurements cannot be repeated 
more than once during the same study period, 
except perhaps when using isotopes with ultra- 
short half-lives. The second approach requires 
serial accumulations of electrocardiogram-gated 
images at end-systole and end-diastole; the ejection 
fraction is then obtained either by computer 
subtraction“ or from geometric -area-length 
analyses.!^ 16 In either case only limited information 
about the ejection fraction is obtained. The latter 
method is handicapped by fallacies inherent in 
assumptions of ventricular geometry and ignores a 
major advantage of nuclear angiography. No 
assumptions of geometry need be made in the 
estimation of volume change by nuclear angio- 
graphy since count density is proportional to 
volume. 

The third approach is a modification of the second 
in that numerical data from gated acquisition of 
count rates are plotted in the form of a composite 
volume-time curve representing a single averaged 
cardiac cycle.*!71* Not only are sequential 
measurements possible, but information about 
volume change throughout the cardiac cycle is 
obtained. This method was therefore chosen for 
the present study. Since data were accumulated 
over several cardiac cycles measurements were 
restricted to “steady state" conditions. 

In the present study, drugs with known pharma- 
cological actions were chosen to examine the con- 
fidence with which changes in myocardial function 


Table 2 Effect of atropine on t, and ta and 
related indices (mean +SE) 





Rest Atropine-1 Atropine-2 
-6 mg) (1-2 mg) 

No. of subjects ` 6 6 6 
RR interval (ms) 853 +35:57 760-8 +29:19 667 +35-47 
LVET (ms) 307 «10:19 293 +9-03 280 +817 
LVFT (ms) 546 +30:20 467 123.96 387 +2873 
Ts (ms) 166 16:34 158 44-13 153 «8-39 
Ta (ms) 231 +22-09 238 +23:79 225 431-51 
"uLVET 0-54 40-03 0-54 40:02 0-55 40-02 
ta/LVFT 0-43 «0-05 0-51 0-08 0:57 40:05 
Ejection fraction 0-45 40:09 0:46 +008 047 «0:09 
Mean ejection rate 

(ED vol/s) 1:49 20:31 161 +40:33 — 1:75 +040 
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can be determined by nuclear angiography. The 
changes in heart rate and blood pressure were in 
keeping with the known haemodynamic response to 


beta-adrenergic stimulation with isoprenaline !??9 ' 


and beta-adrenoreceptor antagonism with pro- 
pranolol.21 22. The effectiveness of beta-adreno- 
receptor antagonism is testified by the absence of 
significant haemodynamic changes during re- 
infusion of isoprenaline (2 ug/min). 

During infusions of isoprenaline a linear dose 
dependance ís seen for the ejection fraction, mean 
ejection rate, dV;/dt, and îs (Fig. 5). Considering 
the moderate doses of isoprenaline infusions, the 
results suggest that changes in myocardial function 
can be assessed with reasonable confidence by 
nuclear angiography. A similar order of magnitude 
of changes in ejection fraction with isoprenaline 
have been reported previously. 24 Since pacing- 
induced tachycardia results in a decrease in ejection 
fraction (15% decrease in ejection fraction for a 
34% increase in heart rate) and end-diastolic 
volume,” the seemingly small increases in ejection 
fraction during infusions of isoprenaline assume 
greater significance. 
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Fig.5 Dose response curves relating ejection fraction, 
mean ejection rate, heart rate, and ts with the dose of 
isoprenaline plotted on a log scale. Only the mean 
differences from the resting values (the zero line -—-- J 
and 2 SE of the differences are shown. Closed circles are 
the data before beta-adrenoreceptor antagonism and show 
a linear response to increasing dose levels of isoprenaline. 
The open circles show the effects of beta-adrenoreceptor 
antagonism. Infusion of isoprenaline at a dose rate of 
2-0 g/min after propranolol is without effect on these 
variables. 
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There are, however, no published data on the 
other variables measured in this study. Comparison 
with the classical experiments of Rushmer in intact 
unanaesthetised dogs shows similar changes in 
ejection velocity and rate of change of diameter 
after beta-adrenergic stimulation and block. 


The changes in peak rate of change of volume 
may be expected to be a more sensitive index of 
changes in myocardial function. This measurement, 
however, is very sensitive to the degree of filtering 
to which the data are subjected (unpublished 
observations). In the present studies care was taken 
to ensure optimal filtering but, in the absence of a 
precise mathematical expression that defines the 
indices of an optimal filter, a certain element of 
subjective uncertainty is likely to affect adversely 
the value of this variable when measured at nuclear 
angiography. 

The mean ejection rate, as a measure of the 
average velocity of flow, is more sensitive than the 
ejection fraction to changes in the inotropic state. 
After beta-adrenoreceptor antagonism a small but 
significant decrease was found in the mean ejection 
rate but not in the ejection fraction. The mean 
ejection time (t«) represents the time taken to move 
50 per cent of the total volume displaced during 
systole. The ratio t/LVET therefore helps to 
partition the mean ejection velocity into two 
periods of equal volume displacement. A ratio of 
0-5 indicates a symmetrical velocity profile of 
ejection, whereas values of less than 0-5 indicate a 
more rapid ejection of the first 50 per cent of the 
stroke volume compared with the next 50 per cent. 
The latter would indicate a more forceful and rapid 
contraction during the earlier parts of systole 
compared with the later phases of systole, as is 
expected during inotropic stimulation. In the 
present study graded infusions of isoprenaline 
resulted in a progressive shortening of ti. and a 
decrease in t,/LVET ratio in association with a 
larger stroke volume and ejection fraction. On the 
other hand, tachycardia induced with atropine is 
without effect on the fs/LVET ratio and hence the 
velocity profile of ejection. A significant advantage 
is that unlike the dV,/dt values, t; is not affected 
much by the filter bandwidth (unpublished 
observations). 

In conclusion, therefore, volume-time curves 
obtained at nuclear angiography provide reasonably 
accurate and sensitive quantitative information 
about the function of the cardiac pump. As a non- 
invasive technique, the method. is particularly 
suited for the study of physiological and pharmaco- 
logical interventions and also longitudinal fpllow-up 
studies. 
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Electrophysiological assessment of amiodarone in 
treatment of resistant supraventricular arrhythmias” 


EDWARD ROWLAND, DENNIS M KRIKLER 


From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, Hammersmith Hospital, 


Du Cane Road, London 


SUMMARY Oral amiodarone has been used to treat 21 patients with various supraventricular arrhythmias; 
13 had Wolff-Parkinson-White syndrome, which was complicated by atrial fibrillation and re-entry 
atrioventricular tachycardia in four, and re-entry tachycardia alone in the other nine. The remaining 
eight patients had paroxysmal atrial fibrillation or flutter without pre-excitation. All were refractory 
to conventional treatment and had undergone intracardiac electrophysiological study. Fifteen have 
been controlled with amiodarone, this treatment proving most effective in atrial fibrillation or flutter 
with or without pre-excitation. Amiodarone was successful in only four of the nine patients with 
re-entry atrioventricular tachycardia. In two patients who responded well the drug had to be discontinued 


because of side effects. 


Despite the abundance of drugs available for the 
prophylaxis of supraventricular arrhythmias there 
are some patients in whom conventional anti- 
arrhythmic medications fail. While surgery is 
feasible in these resistant cases! it is usually reserved 
for life-threatening arrhythmias. Amiodarone, a 
benzfuran derivative originally introduced as an 
antianginal agent,? has been shown to be effective 
in a wide variety of supraventricular arrhythmias?-5 
including those complicating pre-excitation.? " Sub- 
sequent reports, however, have not confirmed the 
original high success rates." ? 

Though relatively little is known of its pharma- 
cological behaviour, there is evidence that amio- 
darone is slowly absorbed,® has a long half-life,!? 
and a persistent action.® Its antiarrhythmic action 
appears to differ when given intravenously as 
opposed to orally.* We investigated the action of 
oral amiodarone in 21 patients with supraventricular 
arrhythmias after electrophysiological study had 
been performed to define the precise nature of 
arrhythmia. All were evaluated during treatment by 
repeated 24-hour ambulatory electrocardiographic 
monitoring. Limited electrophysiological testing 
was performed during treatment in nine of the 
patients with the Wolff-Parkinson-White syndrome. 
'The results were then compared with symptoms 
during the follow-up period (three to 25 months). 
* This work was supported by the British Heart Foundation. 
Received for publication 20 October 1979 
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The repeat electrophysiological studies provided 
further information on the therapeutic efficacy of 
amiodarone and its range of action, and clarified 
why it failed in some. 


Methods 


Twenty-one patients, all with a history of recurrent 
palpitation, underwent intracardiac electrophysio- 
logical testing to determine the nature of their 
arrhythmias. The studies were performed according 
to our standard procedure?! with modifications 
discussed below. Each study was performed in the 
fasting state after informed consent had been 
obtained and after all medications had been stopped 
for at least 72 hours. 

Electrodes for stimulation and recording were 
positioned in the high right atrium, close to the 
septal cusp of the tricuspid valve, and at the apex 
of the right ventricle. A fourth electrode was used 
for atrial endocardial mapping and to allow stimula- 
tion from atrial sites other than the high right 
atrium. The recordings obtained were led via 
isolated selection boxes to the high-gain amplifiers 
(15 to 1200 Hz) of an ink-jet recorder and displayed 
at a paper speed of 100 mm/s, together with surface 
electrocardiograph leads I, III, V1, and V6. All 
information was recorded on a high-fidelity multi- 
channel tape recorder for later retrieval. Stirgulation 
studies were performed using a programmable 
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stimulator (Devices 4971) delivering impulses of 
2 ms duration at twice diastolic threshold. 

The following electrophysiological measurements 
were made during the study. 

(1) Corrected sinus node recovery time after high 
right atrial pacing for one minute at 80, 120, and 
140 stimuli a minute.” 

(2) Effective refractory periods of atrial and 
ventricular myocardium. 

(3) Effective refractory period and functional 
refractory period of the atrioventricular node in the 
anterograde direction and the refractory periods of 
any other anterogradely functioning atrioventricular 
pathway. The values for the atrioventricular node 
were determined by the introduction of premature 
stimuli in the high right atrium. In the presence of 
accessory atrioventricular pathways (Wolff- 
Parkinson-White syndrome) pacing was performed 
as close as possible to the atrial insertion of the 
pathway, as determined by atrial mapping during 
ventricular pacing or induced orthodromic recipro- 
cating atrioventricular tachycardia (in which the re- 
entrant impulse uses the atrioventricular node as 
the anterograde limb of the circuit and the accessory 
pathway in the retrograde direction). 

(4) Continuous and incremental high right acrial 
pacing was performed to determine the highest 
atrial cycle length which would support 1:1 
anterograde conduction via the atrioventricular 
node. In patients with accessory pathways the test 
was repeated from a pacing site as close to the 
accessory pathway as possible to determine the 
highest rate at which it could conduct 1:1. 

(5) The mechanism of reciprocating atrioventri- 
cular tachycardia was confirmed by endocardial 
mapping of ventriculoatrial conduction during the 
tachycardia. 

(6) In those patients in whom reciprocating 
tachycardia could be initiated the zone over which 
atrial premature beats, both from the high right 
atrium and from an atrial site close to the accessory 
pathway, could initiate tachycardia was recorded 
(initiation zone). The cycle length of tachycardia 
and the conduction times of the components of the 
re-entry circuit were measured. 

(7) Atrial fibrillation was induced by rapid atrial 
pacing in those patients in whom this arrhythmia 
was the presenting rhythm disturbance and in the 
one patient in whom no arrhythmia had previously 
been documented. During atrial fibrillation the 
ventricular response was assessed by recording the 
shortest and mean RR intervals. 

The electrophysiological studies defined three 
groups of patients. Group 1 consisted of those 
patients with the Wolff-Parkinson-White syndrome 
in whom rapidly conducted atrial fibrillation (mean 
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ventricular rate in excess of 250 a minute) was the 
major rhythm disturbance (Fig. 1). In addition, 
these patients had orthodromie reciprocating atrio- 
ventricular tachycardia. In two patients this 
arrhythmia degenerated spontaneously to atrial 
fibrillation (Fig. 2). There was sustained atrial 
fibrillation in three patients while in the other the 
first episode of atrial. fibrillation terminated 
spontaneously while the second was sustained. 
Reciprocating atrioventricular tachycardia was 
induced by single atrial extrastimuli in three 
patients: in the other neither single nor double 
atria extrastimuli suceeded (case 1). In none of 
these patients was it possible to assess the highest 
rate of 1:1 conduction down the accessory pathway 
because of the development of atrial fibrillation. In 
one patient (case 3) atrioventricular nodal function 
suggested an accessory atrio-His pathway.!? 

Nine patients had reciprocating atrioventricular 
tachycardia alone (group 2); this was associated 
with an accessory atrioventricular pathway (Wolff- 
Parkinson-White syndrome) in seven while the 
remainder had intranodal re-entry. Only one patient 
had overt Wolff-Parkinson-White syndrome, the 
other six having concealed accessory pathways. 

Group 3 comprised those with paroxysmal atrial 
fibrillation or flutter unassociated with pre- 
excitation. The control studies demonstrated a 
prolonged corrected sinus node recovery time in 
one patient (case 16) though there was no history 
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Fig. 1 PM 1: electrocardiogram during sinus rhythm 
shows Wolff-Parkinson- White syndrome type A. 
Rhythm strip (lead II) shows atrial fibrillation : 
ventricular rate exceeds 400/min. 
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Fig. 2 Case 1: intracardiac and surface electrocardiograms (paper speed 25 mmis). HRA, high right atrial 
electrogram; PCS, proximal coronary sinus electrogram; HBE, His bundle electrogram; DCS, distal coronary sinus 
electrogram, During right ventricular pacing a critically-timed ventricular extrastimulus and a ventricular extrasystole 
(complexes 4 and 5) initiate re-entry atrioventricular tachycardia which leads to atrial fibrillation. 


or other evidence suggestive of sinuatrial disease.!? 
One patient known to have paroxysmal atrial 
fibrillation and flutter developed persistent atrial 
flutter and was then started on amiodarone. 


DRUG REGIMEN 

Treatment with amiodarone was begun after 
suitable trials of appropriate conventional anti- 
arrhythmic drugs had failed (Table 1). The dose 
was 600 mg a day for the first month and 400 mg a 
day for the next month, with maintenance on 200 mg 
a day if the response was satisfactory. 


THERAPEUTIC ASSESSMENT 

The method of assessment of therapeutic benefit 
varied with the nature of the arrhythmia. In group 1 
(Table 2) in whom rapidly conducted atrial fibril- 
lation complicating the Wolff-Parkinson-White 
syndrome was the major rhythm disturbance, 
limited electrophysiological testing was performed. 
A single quadripolar electrode was used to stimulate 
and record from the high right atrium and then 


moved to a site as close as possible to the atrial 
insertion of the accessory pathway. From these 
two positions it was possible to measure corrected 
sinus node recovery times, atrial effective refractory 
period, and the highest 1:1 rate sustained by the 
accessory pathway in the anterograde direction. 
The ability to initiate re-entry tachycardia by single 
or multiple atrial premature stimuli was assessed 
(Table 3); where a single stimulus succeeded the 
initiation zone was measured. Atrial fibrillation was 
induced in all patients and the ventricular response 
assessed. In all four the study was performed three 
months after the start of treatment. 

In the second group of patients (Table 3) re- 
assessment was performed by repeated 24-hour 
ambulatory electrocardiographic monitoring using 
Oxford Medilog recorders and a Reynolds Path- 
finder analyser; six underwent limited electro- 
physiological investigation because they remained 
symptomatic: case 8 only developed recurrent 
arrhythmia during transient reduction to 200 mg a 
day. . 

Assessment of the third group was by ambulatory 
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Table 1 Patients 











Case Age  Diagnosis/arrhythmia Previous Duration of 
no. (y) treatment follow-up 
(mth) 
1 26 WPWA+AF+RT Q 17 
2 58 WPWA+AF+RT Di, Q 15 
3 19 WPWA+AF+RT Q,Pr 21 
4 60 WPWA+AF+RT Pr 8 
5 56 Conc WPWA+RT D,V,Q 3 
6 63 Conc WPW A -+ RT Q,V,O,D 23 
T 40 Conc WPW A + RT V, Di, D, O, 
14 
8 48 Conc WPW A + RT V, D, Pc 21 
9 60 IntraAV nodal RT Di, V, O, Pr, 
Q. Po, Pe, 
D,S 14 
10 45 IntraAV nodal RT Po, Pi, Q, V 12 
11 47 Conc WPW A + RT Po, Pc, Q, D, 
V, Di 4 
12 52 WPWA--RT V,QD,Pc 12 
13 34 Conc WPW A + RT V, D, Q, Po 3 
14 33 AFI D, Pr, Pc, O 
Q, V 3 
15 53 AF/A FI D, Po 19 
16 34 AF Q, Di, D 22 
17 52 AF Di, Q, D 20 
18 57 AF Q 22 
19 46 AF D, Q 5 
20 64 AFI D, Q 25 
21 68 AF Pc, Po D,Q 12 





WPW, Wolff-Parkinson-White syndrome; AF, atrial fibrillation; 
A FI, atrial flutter; RT, re-entry tachycardia; Conc, concealed; 
Pr, procainamide; Po, propranolol; Pi, pindolol; Pc, practolol; 
D, digoxin; Di, disopyramide; V, verapamil; O, oxprenolol; 

Q, quinidine; S, sotalol. 


monitoring without repeat electrophysiological 
study. 

Ophthalmological examination was undertaken 
at three months to observe the corneal micro- 
deposits known to be a marker of treatment with 
this drug.®1* Biochemical estimation of thyroid 


Table 2 Patients with WPW syndrome and atrial 
fibrillation before and after amiodarone 








Case Atrial fibrillation Accessory 
no. CSNRT | ———————— AERP pathway 
(ms) MRR SRR (ms) ERP 
(ms) (ms) (ms) 
1 170 208 165 190 x:200 
290 375 230(T) 260 290 
2 340 240 190 250 280 
260 428 290(T) 320 350 
3 250 230 170 200 220 
200 360 220 260 x 270 
4 155 240 190 240 275 
310 410 280(T) 320 340 





CSNRT, corrected sinus node recovery time; MRR, mean RR 
interval during atrial fibrillation; SRR, shortest RR interval during 
atrial fibrillftion; AERP, atrial effective refractory period; 

ERP, effective refractory period; T, spontaneous termination. 
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Table 3 Patients with PRAVT before and after 
amiodarone 








Case CSNRT AERP CL PRAVT Initiation zone 
no. (ms) (ms) (ms) from atrium 
(ms) 
1 170 190 310 — 
290 260 430 (T) 215-265 
2 340 250 330 280-260 
260 320 470 (T) 350—330 
3 250 200 265 220-210 
200 260 340 — 
4 155 240 325 270-250 
310 320 420 335-325 
5 80 200 325 270-250 
170 250 500 620--260 
8 140 230 280 (2) 
120 250 500 (T) (2) 
9 420 190 410 280-240 
350 250 390 380-310 
11 320 240 330 390—250 
340 300 475 380-310 
12 240 220 315 310-230 
230 360 400 380-270 
13 1150 230 455 400-240 
190 250 470 360-260 





CSNRT, corrected sinus node recovery time; AERP, atrial 
effective refractory period; CL PRAVT, cycle length of paroxysmal 
reciprocating atrioventricular tachycardia; initiation zone, width of 
the zone over which single atrial extrastimuli initiate PRAVT: 

(2) —2 atrial extrastimuli required; T, spontaneous termination. 


function was also performed to exclude hyper- 
thyroidism" and hypothyroidism! known some- 
times to be a complication of treatment. 


Results 


The findings of the limited electrophysiological 
study performed in group 1 three months after 
starting treatment are shown in Table 3. All 
showed an increase in the effective refractory period 
of the atrium but, more importantly, atrial fibrilla- 
tion was more difficult to induce than during the 
control study, was conducted with a mean ventricu- 
lar rate below 200 a minute, and was now well 
tolerated. Atrial fibrillation was only produced in 
the patients on amiodarone by rapid atrial pacing, 
whereas there had been spontaneous transformation 
from re-entry tachycardia in two patients during the 
control study.!? Atrial fibrillation terminated 
spontaneously in three patients (Fig. 3) but only in 
one when not on treatment. The influence of the 
drug on the ability of atrial premature beats to 
initiate re-entry atrioventricular tachycardia was 
variable. In the patient (case 1) in whom neither 
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Fig. 3 Case 1: after three 
months? treatment with 
amiodarone: a right atrial 
electrogram (RA) shown with 
leads I, V1, and V6 (paper speed 
25 mmis). During atrial fibrilla- 
tion the ventricular rate ts 165 a 
minute : the arrhythmia also 
terminates spontaneously. | 
wil 


single nor double premature stimuli could initiate 
tachycardia in the first study it was possible to 
induce tachycardia from the atrium with single 
stimuli though over a narrow zone (10 ms). In two 
patients the zone remained similar in width but the 
coupling intervals were longer; in the fourth patient 
(case 3) the zone was abolished. The rate of sus- 
tained re-entry tachycardia was slower in all. In 
three patients re-entry tachycardia terminated 
spontaneously after a brief period (Fig. 4); this had 
never occurred during the control study. In two 
patients termination occurred in the anterograde 
direction while in the other it occurred in the 
retrograde pathway. 

The results of treatment with amiodarone in 
group 2 are shown in Table 3. Four patients 


Fig. 4 Case 1 : recordings during 
re-entry atrioventricular 
tachycardia while on amiodarone, 
abbreviations as in Fig. 3. An 
atrial extrastimulus initiates 
tachycardia, at first complicated 
by left bundle-branch block. The 
tachycardia terminates 
spontaneously in the anterograde 
direction. 
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remained symptom-free on maintenance therapy, 
though one patient suffered a relapse of his tachy- 
cardia six weeks after his dose was decreased to 
200 mg a day; he has been maintained on 400 mg a 
day without symptoms. Six patients had limited 
electrophysiological studies while on amiodarone 
and it was possible to initiate sustained re-entry 
tachycardia in all; this complemented the findings 
of ambulatory monitoring in the five patients who 
noticed no improvement. As in group 1, the tachy- 
cardia was slower and the initiation zone did not 
change consistently: it was wider in three and 
narrower in two. In the other patient two atrial 
extrastimuli were required to initiate tachy- 
cardia both during the contro! study and while on 
amiodarone. In one patient (case 13) in whom a 
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more complete electrophysiological study was 
performed while on amiodarone the change in rate 
of the tachycardia was the result of lengthening of 
conduction time in both the atrioventricular node 
and the accessory pathway. The limited study on 
the patient who relapsed on the maintenance dose 
of amiodarone (case 8) showed that it was possible 
to initiate re-entry tachycardia but that each episode 
terminated with block in the retrograde limb of the 
circuit (Fig. 5). The results of ambulatory monitor- 
ing performed on the patients who became asympto- 
matic on amiodarone showed them to be virtually 
free of extrasystoles, while the symptomatic group 
continued to have extrasystoles which often initiated 
tachycardia (Fig. 6). Of the patients in groups 1 
and 2 who had reciprocating atrioventricular 
tachycardia and were studied while on amiodarone 
there was no consistent difference in the electro- 
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Fig. 6 Case 5: ambulatory electrocardiograms (monitor 
lead) in a patient in whom re-entry atrioventricular 
tachycardia persisted while on amiodarone. (a) In sinus 
rhythm a supraventricular extrasystole initiates re-entry 
tachycardia ; (b) tachycardia terminates spontaneously 
after two hours. 
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Fig. 5 Cate 8: simultaneous 
coronary sinus and surface 
electrocardiograms after treatment 
with amiodarone for three months. 
A, left atrial; V, left ventricular 
activation. The patient has right 
bundle-branch block and a 
concealed left-sided accessory 
pathway. Tachycardia is initiated 
by two atrial extrastimuli 
(arrows): note retrograde left 
atrial depolarisation ( A'). After 
30 s the tachycardia terminates 
spontaneously in the retrograde 
direction. 


physiological changes between those who responded 
and those who did not. 

All but one in group 3 were asymptomatic after 
three months of treatment, the failure occurring in 
a patient with atrial flutter. In the other patients 
ambulatory monitoring showed that, in keeping 
with the clinical features, there was no sustained 
arrhythmia: in particular, the two patients with 
prolonged sinus node recovery times showed 
neither bradycardia nor sinus arrest. The con- 
spicuous action of amiodarone on atrial myocardium 
was demonstrated in the patient in whom atrial 
flutter became established (Fig. 7). In the control 
state the atrial rate was 330 a minute with 2:1 
atrioventricular conduction (Fig. 7b). After two 
weeks of treatment with amiodarone the atrial rate 
had fallen to 220 and 2:1 block persisted (Fig. 7c). 
Two weeks later the atrial rate was even slower at 
190 a minute, still showing a 2:1 atrioventricular 
response (Fig. 7d). Rapid right atrial pacing induced 
sinus rhythm (Fig. 7e) which has been maintained 
on continuous treatment (Fig. 7f). 


SIDE EFFECTS 
Corneal microdeposits were seen in all patients but 
in none was it necessary to discontinue the drug: 
there were no visual symptoms. The alterations in 
thyroid function tests reflected the interference of 
amiodarone with the metabolism of thyroid 
hormones*? ?!; all patients remained euthyroid. 
Two patients stopped amiodarone because of 
other side effects, in both after several months of 
successful treatment. Case 6 had been free of 
arrhythmia for 23 months for the first time in 36 
years when he developed photodermatitis??; when 
treatment was stopped, tachycardia recurred and 
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Fig. 7 Case 15: electrocardiograms (lead 11, 25 mm/s, except (c) ; lead I, 50 mm/s) in a patient with chronic atrial 
flutter. To the right the atrial (A) and ventricular (V) rates are indicated : (a) sinus rhythm (with one 

atrial extrasystole} six months before onset of atrial flutter ; (b) atrial flutter with 2:1 atrioventricular block, 
transiently increased in the middle of the tracing by carotid sinas massage; (cj after amiodarone {two weeks) : the 
atrial rate has fallen to 210 a minute; 2:1 atrioventricular block persists; (d) after four weeks’ treatment the atrial 
rate has decreased further; (e) rapid atrial pacing while on amiodarone terminates the arrhythmia; sinus rhythm 
ensues; (f) three months after conversion to sinus rhythm, on maintenance amiodarone. 


the dermatitis gradually improved. In case 19 in 
whom paroxysmal atrial fibrillation occurred two 
to six times a week he had no attacks for four 
months while on amiodarone. He stopped treat- 
ment, however, because of persistent insomnia, 
restlessness, and nightmares; subsequently ar- 
rhythmias have recurred though less frequently. 
In other patients difficulty in sleeping, unpleasant 
dreams, a bitter taste in the mouth, and restlessness 
have been noted, but in none were the symptoms 
severe enough to warrant discontinuing treatment. 


Discussion 


Amiodarone was introduced for the treatment of 
coronary artery disease because it was shown to 
cause coronary vasodilatation and to reduce the 
heart rate and thereby decrease myocardial oxygen 
consumption.® At the cellular level there is no 
apparent membrane stabilising effect when it is 
given orally and its antiarrhythmic action appears 
to result from prolongation of the duration of the 
action potential of myocardial cells.? No effect 
has been seen on resting membrane potential or 
action potential amplitude and there is only minimal 
change in the maximum rate of rise of the action 
potential.?* Precisely how these effects are achieved 
is uncertain though non-competitive antagonism of 
both alpha- and beta-adrenergic activity, and 
attenuation of the effects of glucagon on the heart? 
have been described. Though the clinical action of 


the drug in man mimics the effects of hypothyroid- 
ism and it is an iodinated compound, there is no 
evidence that it interferes with the cardiac effects 
of thyoid hormones.?? 

Electrophysiological studies in man have dis- 
closed that amiodarone increases the refractory 
periods of atrial and ventricular. myocardium, 
prolongs conduction time in the atrium, and 
lengthens the refractory period of the atrioventricu- 
lar node and accessory pathways.’ ?* *' In clinical 
studies it has been shown to be effective against a 
wide variety of ventricular and supraventricular 
arrhythmias, particularly reciprocating atrioventri- 
cular tachycardia associated with the  Wolff- 
Parkinson-White syndrome.? ? Wellens et al.” were 
able to initiate tachycardia on repeat electro- 
physiological testing in 10 of their 15 patients: the 
possibility that this was because their second study 
was too soon (two weeks) after the start of treat- 
ment?’ is not applicable to our patients who were 
tested three months after the start of treatment. 
This latter study?? was performed 26 to 85 days 
after the start of treatment and re-entry tachycardia 
could not be initiated in any of the four patients re- 
tested. 

The limited pharmacodynamic information sug- 
gests that amiodarone is somewhat variably 
absorbed resulting in low blood levels because of 
strong tissue-binding and long half-life of about 
28 days.!° " 

In this study 21 patients were treated with the 
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same reducing regimen of oral amiodarone. 
Restrictions on its use in Great Britain allow it to 
be tried only after conventional treatment has 


‘failed. Fifteen became asymptomatic during the 


first month of treatment and all but one could be 
maintained on 200 mg a day. 

In group 1 various combinations of conventional 
antiarrhythmic drugs including disopyramide, 
quinidine, and procainamide had failed to control 
the symptoms or reduce the ventricular rate 
appreciably during atrial fibrillation. The atrial 
stabilising property of amiodarone was reflected in 
a greater resistance to the induction of atrial 
fibrillation, and in its spontaneous termination. 
‘The depressant action of the drug on anterograde 
conduction via the accessory pathway protected 
against the profound haemodynamic effects of atrial 
fibrillation in these patients. 

Drugs that prevent re-entry atrioventricular 
tachycardia may do so by abolishing initiating 
extrasystoles or modifying circuit behaviour, as well 
as other less common factors. Modifications of 
circuit behaviour include abolishing the initiation 
zone as well as depressing conduction in either 
atrioventricular pathway so that any tachycardia is 
terminated promptly. In this series clinical benefit 
seemed more closely related to spontaneous termina- 
tion of induced tachycardia than to changes in 
initiation zone from the atria. The method of 
termination was either by block in the retrograde 
direction, presumably the accessory pathway, or in 
the anterograde direction. While anterograde block 
may occur in either the atrioventricular node or 
His-Purkinje system, its occurrence in one patient 
when he was supine, but not when he was upright, 
suggested termination in the atrioventricular node.?? 
We have examined only one method of initiation of 
re-entry tachycardia, albeit the most common, and 
it may be that other effects on the mechanism of 
induction of tachycardia played a part. Paradoxical 
aggravation of the tendency to tachycardia some- 
times seen with drugs?? did not occur in any patient. 

Twenty-four-hour monitoring corroborated the 
clinical impression of therapeutic benefit. In those 
patients who failed to respond, supraventricular 
extrasystoles persisted, often followed by paroxysms 
of re-entry tachycardia, while in the asymptomatic 
group the absence of extrasystoles was striking. 

In the patients with atrial fibrillation and flutter, 
the absence of arrhythmias during 24-hour electro- 
cardiographic monitoring correlated well with 
clinical improvement. No patient had asystolic 
pauses or periods suggesting sinuatrial block. While 
the clinical importance of any action of amiodarone 


e on the sinus node remains unresolved?! ?? none of 
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our patients had prolonged sinus node recovery 
times after amiodarone. 

'The regimen in these patients is similar to that 
used by other investigators?; available evidence 
suggests that a steady state is achieved using a single 
daily dose though there is no information at present 
on the range of blood levels achieved. While 
variability in the metabolism and excretion of the 
drug may well explain the differences in clinical 
efficacy, those who failed to benefit did so at the 
maximum dose. The selection of patients by virtue 
of their failure to respond to conventional anti- 
arrhythmic agents may partly explain our lower 
success rate than that of others.5 

Amiodarone appears to act widely on the con- 
ducting system and myocardium and may, therefore, 
be particularly effective in complex arrhythmias, 
including some cases of paroxysmal re-entry 
atrioventricular tachycardia. We have found it 
especially effective in atrial fibrillation, and where 
this is associated with a rapid ventricular rate 
because of the Wolff-Parkinson-White syndrome 
amiodarone may obviate surgical treatment. The 
incidence of side effects remains small but because 
experience is still somewhat limited close observa- 
tion is recommended. Further pharmacodynamic 
studies are required to determine the absorption 
and metabolism of the drug and to ensure that it is 
used safely and effectively in suitable patients. 
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Clinical antiarrhythmic effects of amiodarone in 
patients with resistant paroxysmal tachycardias 


D E WARD, A J CAMM, R A J SPURRELL 
From the Cardiology Department, St Bartholomew’s Hospital, West Smithfield, London 


SUMMARY Oral amiodarone, an iodine-containing antiarrhythmic agent, was administered to 72 
patients with recurrent paroxysmal tachycardias. Thirty-nine patients had tachycardias associated 
with the Wolff-Parkinson-White syndrome, 15 patients had paroxysmal atrial fibrillation unassociated 
with the Wolff-Parkinson-White syndrome, and 18 patients had ventricular tachycardia. In all patients, 
the frequency of symptomatic attacks had not been reduced by at least three other antiarrhythmic 
agents alone or in combination. The response to amiodarone treatment was graded according to the 
patients’ subjective response (total suppression, partial suppression, and no effect). Overall, 57 per cent 
of patients had total abolition of attacks and another 22 per cent had a partial suppression of attacks. 
Side effects, the most common of which were photosensitivity and gastrointestinal upsets, occurred in 
44 per cent and were sufficiently severe to warrant withdrawal of treatment in 15 per cent. These results 
confirm that amiodarone is of considerable value in the treatment of recurrent paroxysmal arrhythmias 
resistant to other drugs. 


Amiodarone, a benzfuran derivative, is an anti- Patients and methods 
arrhythmic drug which was originally used in 
Europe as an antianginal agent. Singh and The patients, aged 12 to 73 years, had distressing 
Vaughan-Williams? subsequently demonstrated that paroxysmal palpitation repeatedly documented 
the drug prolonged the action potential. Intracardiac electrocardiographically, which had not been 
electrophysiological studies in man indicated that symptomatically improved by any other anti- 
oral amiodarone increased the refractoriness of arrhythmic drugs. All patients had previously been 
atrial myocardium, atrioventricular node, ventricu- treated with at least three other antiarrhythmic 
lar myocardium, and anomalous bypass tracts. drugs in conventional doses. The details of the 
Recent clinical studies‘~? have shown the beneficial patients and their arrhythmias are summarised in 
effect of the drug in a variety of arrhythmias, the Table 1. Electrophysiological studies were per- 
majority of which were refractory to several other formed in all patients with accessory pathways to : 
antiarrhythmic agents. These studies indicate that define the tachycardia mechanism and the character- 
amiodarone is an extremely effective antiarrhythmic istics of the accessory pathway. Recurrent paroxys- 
agent and forms an important addition to the thera- mal atrial fibrillation or flutter and ventricular 
peutic armamentarium. As yet, in this country, the tachycardia were diagnosed from 24-hour ambula- 
drug has no clinical trials certificate and can only tory recordings or from 12 lead electrocardiograms 
be prescribed for specified named patients. taken during the attack. Patients with ventricular 
We report our experience of the use of oral tachycardia were subdivided on the basis of the 
amiodarone in 39 patients with tachyarrhythmias coronary arteriographic and left ventricular angio- 
associated with the Wolff-Parkinson-White (WPW) graphic findings. 
syndrome, 15 patients with paroxysmal atrial Oral amiodarone was started using a loading dose 
fibrillation or flutter unassociated with the WPW of 600 mg daily for one week,-400-mg daily for one 
syndrome, and 18 patients with recurrent paroxys- week, and a subsequent dosage of at least 200 mg 
mal ventricular tachycardia. daily adjusted according to the response. Amio- 
. darone was not continued for more than four 
weeks if there was no therapeutic response. 
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Table 1 Results 








Response otal = Partial Nil Total (n) 
Wolff-Parkinson- White (39 patients)* 
Paroxysmal atrial 

fibrillation 4 1 1 6 
Paroxysmal atrial 

fibrillation/supraventricular 

tachycardia 7 1 2 10 
Supraventricular 

tachycardia 12 7 4 23 
Total 23 9 T 39 
Paroxysmal atrial flutter or fibrillation (15 patients) t 
Fibrillation 6 3 2 11 
Flutter 2 1 1 4 
Total 8 4 3 15 
Ventricular tachycardia (18 patients) 
Ischaemic 8 1 3 12 
(Acute myocardial 

infarction) G 1 — 4) 
Cardiomyopathy cone | 2 1 4 
Unknown cause 1 — 1 2 
Total 10 3 5 18 





* Type A=25, Type B=3, Concealed — 11, male 5: —20, 
female n= 19. 
+ Male, 10; female, 5. t Male 1—13, female n=5. 


Intermittent 24-hour ambulatory monitoring is 
not a practical method of assessment in patients 
with relatively infrequent arrhythmias occurring 
over a long period of time. For this reason we 
chose to grade the response to treatment according 
to the frequency of subjective symptoms rather 
than objective ambulatory electrocardiographic 
findings which, because of the intermittent nature 
of arrhythmias, are often difficult to interpret. In 
addition, only patients with sustained symptomatic 
paroxysms of tachycardia were selected. Patients 
with ectopic beats only were excluded because these 
arrhythmias are more difficult to relate to symptoms. 

The response to treatment was therefore graded 
into three categories according to the patient’s 
subjective assessment: total suppression of attacks: 
no awareness of further attacks; partial suppression: 
patient aware of less frequent and less troublesome 
attacks ; no demonstrable effect: the patient reported 
no improvement. These criteria are similar to those 
of Rosenbaum er al.’ 

Follow-up has ranged from three months to five 
years. Thyroid function tests, liver function tests, 
full blood count, electrolytes, and urea were per- 
formed at regular intervals during follow-up. The 
presence or absence of corneal deposits? and other 
unwanted effects were noted at each visit. 


Results 


The overall results in each category of arrhythmia 
are shown in Table 1. 
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(a) WOLFF-PARKINSON-WHITE TACHYCARDIAS 
Of the 39 patients with symptomatic tachycardias 
associated with the WPW syndrome, all of whom 
had failed to respond to disopyramide, quinidine, 


-beta blockers, or verapamil, 23 (59%) had total 


abolition of attacks. The majority of these patients 
were suffering from atrioventricular re-entrant 
tachycardia. The maintenance dose in 17 of 
these 23 patients was 200 mg daily and only one 
patient required more than 600 mg daily (Table 2), 
Nine patients had partial suppression and seven 
patients failed to notice any symptomatic improve- 
ment despite higher maintenance doses. 


(D) PAROXYSMAL ATRIAL FIBRILLATION OR 
FLUTTER UNASSOCIATED WITH WPW 
SYNDROME 

All the patients in this group had been unsuccess- 
fully treated with disopyramide, quinidine, digoxin, 
verapamil, or beta blockers. Of the total of 15 
patients, total suppression was achieved in eight 
patients, two of whom had paroxysmal atrial flutter. 
In six of these eight patients the maintenance dose 
of 200 mg daily was sufficient to control the 
arrhythmia and none required more than 400 mg 
daily. None of these patients had evidence of 
coronary artery disease or any other disorder which 
may have predisposed to the development of atrial 
fibrillation. 'There was no evidence of sinus node 
dysfunction before amiodarone treatment in any 
patient in this group. 


(c) VENTRICULAR TACHYCARDIA 

In 12 patients there was evidence of coronary artery 
disease (previous myocardial infarction in nine 
patients) confirmed by coronary arteriography. Six 
patients had abnormal left ventricular angiograms 
with evidence of aneurysm formation in four 
patients. Six patients had normal coronary arteries 


Table 2 Therapeutic effect versus maintenance dose 





Response Dose 200 400 600 > 600 Total 
(mg|day) 

Wolff-Parkinson-White (39 patients) 

Total 17 3 1 23 

Partial 4 3 2 — 9 

Nil 1 3 2 1 T 

Paroxysmal atrial fibrillation (15 patients) 

Total 6 2 — — 8 

Partial 3 — 1 — 4 

Nil 1 1 1 — 3 

Ventricular tachycardia (18 patients) 

Total 5 2 2 1 10 

Partial 1 2 — — e. 2 

Nil — 2 2 1 5 
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Amiodarone and refractory tachycardias 


and four of these were considered to have a cardio- 
myopathy. In two patients the underlying aetiology 
of tachycardia was unknown. No patient had 
ventricular fibrillation. All patients were resistant 
to other antiarrhythmic agents which included the 
class I drugs disopyramide, mexiletine, and 
phenytoin.® Eight patients also had beta blocking 
agents without benefit. Four patients were started 
on amiodarone in the immediate post-infarction 
period after they had failed to respond to lignocaine 
and disopyramide. An excellent response was 
observed in three of these patients. Overall, total 
suppression was obtained in 10 of the 18 patients. 

There appeared to be no apparent distinguishing 
characteristics of those in whom total suppression 
was achieved. For example, age, sex, location of 
accessory pathway in patients with the WPW 
syndrome, type of arrhythmia, or aetiology of 
ventricular tachycardia did not seem to influence 
the response to treatment. The duration of onset 
of action ranged from two days to three weeks. 
Of the poor responders with the WPW syndrome, 
four subsequently underwent cryosurgical ablation 
of the accessory pathway. Surgical treatment was 
also undertaken in two patients with the WPW 
syndrome who were intolerant to the drug despite 
an excellent response. This was also the case in two 
patients -with partial suppression of paroxysmal 
atrial fibrillation, who, together with two others 
with no response, underwent surgical His bundle 
ablation. One patient with ventricular tachycardia 
of unknown aetiology eventually required surgical 
ablation of the abnormal focus, after failure to 
respond to amiodarone. Side effects other than 
corneal deposits occurred in 44 per cent of patients 
and included gastrointestinal upsets (14%), photo- 
sensitivity (17%),--nightmares and vivid dreams 
(10%), headaches (7%), paraesthesiae (6%), 
epistaxis in one patient, and profound sinus 
bradycardia in two patients. Side effects necessitated 
discontinuation of treatment in 11 patients (gastro- 
intestinal upset, four patients; nightmares, three 
patients; headaches, two patients; photosensitivity, 
two patients). The two patients with sinus brady- 
cardia (WPW, one patient, atrial flutter, one patient) 
were treated by permanent pacing. Corneal deposits 
were observed in 51 patients at three months and 
in 43 of the 46 patients still on treatment at six 
months. In no patient did these deposits interfere 
with vision. 

Most patients showed increases in T4 and free 
thyroxine index with normal thyroid hormone 
uptake tests but none developed clinical thyroid 
disease; these results are reviewed in detail else- 
where.’ There appeared to be no relation between 
biochemical disturbance of thyroid function and 
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antiarrhythmic efficacy. Abnormal. liver function 
was noted in one patient who was subsequently 
found to have coincidental „liver disease. No 
abnormalities of renal function or full blood count 
were observed. 


Discussion 


The major cellular electrophysiological effect of 
amiodarone is pronounced prolongation of action 
potential duration? with little effect on the rate of 
rise of the upstroke. In this respect it differs from 
other antiarrhythmic agents with the exception of 
sotalol.! Previously reported clinical studies*-" had 
shown the drug to be extremely effective in control- 
ling a wide variety of recurrent tachyarrhythmias. 
Rosenbaum et al. noted total suppression in all 
27 patients with tachyarrhythmias related to the 
WPW syndrome. This compares with 59 per cent 
of the current series though another 23 per cent 
had a good response. This difference may be 
accounted for by the fact that not all the patients 
reported by Rosenbaum et al. had had previous 
treatment with three or more antiarrhythmic agents 
and may have been less resistant to medical treat- 
ment than our patients. The maintenance dose of 
amiodarone required to obtain total suppression, 
however, was greater than 300 mg daily in nine of 
11 patients in Rosenbaum et al.’s initial series,’ 
whereas only six of our 23 patients with total sup- 
pression required more than 200mg daily. 


' Differences in patient selection may also have con- 


tributed to the discrepancy between our results in 
this group and those of Rosénbaum et al.5 If only 
the patients with paroxysmal atrial fibrillation 
associated with the WPW syndrome are considered, 
the success rate in terms of total abolition of 
attacks was 69 per cent. It is unlikely that the 
presence of this arrhythmia made any difference 
to the observed response. The proportion of patients 
with paroxysmal atrial fibrillation in our series is 
comparable to that of Rosenbaum’s series. 

'Total suppression of attacks was obtained in a 
smaller porportion of patients (5395) with paroxys- 
mal atrial fibrillation or flutter unassociated with 
the presence of an accessory pathway. This com- 
pares with 96 per cent of a series of 30 patients 
reported by Rosenbaum® which included seven 
patients with the WPW syndrome. Almost all of 
the remainder of these patients, however, had 
associated cardiovascular or pulmonary disease in 
contrast to our patients who were otherwise ap- 
parently healthy. In particular, no patient had 
evidence of sinus node disease on 24-hour ambula- 
tory recordings, though one patient developed 
profound sinus bradycardia while on amiodarone 
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which is known to depress sinus automaticity.? 1? 
This side effect also occurred in one patient with 
the WPW syndrome and both patients were success- 
fully treated by implantation of a permanent 
pacemaker. 

The success of amiodarone in suppressing re- 
current ventricular arrhythmias has been docu- 
mented previously? in patients with ischaemic 
heart disease and in those with cardiomyopathy. 
Of Rosenbaum's series of 44 patients including 13 
with evidence of coronary artery disease, total 
suppression of attacks was achieved in 34 (77%). 
Of our 12 patients with ischaemic heart disease, 
eight exhibited total suppression, including three 
patients with arrhythmias in the acute post- 
myocardial infarction period. Indeed, previous 
experience, though limited, suggests that the 
drug is no less effective in the suppression of 
ventricular arrhythmias related to acute ischaemia. 
This beneficial effect is probably related to several 
actions of amiodarone. In experimental animals 
the drug has been shown to produce coronary 
vasodilatation,;? 14 to increase coronary flow,“ to 
decrease left ventricular work, and to decrease left 
ventricular oxygen consumption.!? “ These effects, 
by tending to relieve ischaemia, would be expected 
to have a beneficial effect on ventricular tachycardias 
related to ischaemia. 

Amiodarone, however, also has several direct 
effects. For example, the intravenous administration 
of the drug to experimental animals has an acutely 
protective effect against the development of 
ventricular arrhythmias induced by ouabain,? 
aconitine crystals,!5 and coronary artery ligation." 15 
It is not known whether these effects are related to 
the cellular actions of the drug. Chronic oral 
administration has also been shown to be effective 
in suppressing ventricular arrhythmias induced by 
coronary ligation? and under these circumstances 
the cellular effects of amiodarone, which are known 
to be pronounced after chronic administration,? 5 
may be of some importance. In man, chronic 
amiodarone administration increases the ventricular 
effective refractory period.? The relevance of this 
observation to the therapeutic effect of the drug is, 
however, unknown. In addition, there is no evidence 
to suggest that the effectiveness of amiodarone in 
atrial arrhythmias is simply related to prolongation 
of the atrial effective refractory period. On the 
other hand, prolongation of accessory pathway 
refractoriness is likely to be an important effect in 
the suppression of sustained atrioventricular re- 
entrant tachycardia associated with the WPW 
syndrome? but it cannot be assumed that this is 
the only factor involved. It is probable that the 
antiarrhythmic action of amiodarone is a result of 
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the complex interaction of several effects, including 
suppression of ectopic impulses which may initiate 
tachycardia.!* 1" The relation of amiodarone-induced 
disturbances of thyroid function to observed clinical 
antiarrhythmic effects is not known. Singh and 
Vaughan-Williams? showed that the cellular effects 
of chronic amiodarone administration could be 
countered by simultaneous treatment with thyroxine. 
'The precise mechanism of the biochemical distur- 
bance is ill understood, however, and we have as 
yet not noted any relation between such disturbances 
and the antiarrhythmic efficacy of the drug. In any 
case it is unlikely that a "thyroid" effect could 
explain the rapid onset of action of the drug in a 
proportion of cases. 

'Ihe incidence of side effects in our series is 
relatively high when compared with Rosenbaum's 
series," though the commonest unwanted effects 
(gastrointestinal upset and photosensitivity) oc- 
curred in roughly the same proportion of patients 
in each study. The incidence of side effects neces- 
sitating withdrawal of amiodarone was much 
higher than that reported by Rosenbaum.5 The 
reasons for this discrepancy are not clear, but do 
not appear to be related to the average maintenance 
dose or duration of treatment which are comparable 
in the two series. Corneal deposits were asympto- 
matic in all patients in whom they occurred, and 
we believe that this effect, which is reversible,’ is 
not as serious as other authors have suggested.^ € 

Although we agree with the principle of Rosen- 


' baum's contention that the need for surgery is 


considerably diminished by the availability of 
amiodarone it is evident that in a small number of 
patients refractory to the drug surgical intervention 
has an important role. 

In total, a beneficial therapeutic response was 
obtained in 79 per cent of patients. These results, 
though not as good as those obtained by some 
investigators, 5 clearly confirm early results!? 
suggesting that amiodarone is of great value in the 
suppression of a variety of paroxysmal arrhythmias 
resistant to other antiarrhythmic drugs. The 
relatively high incidence of side effects is disappoint- 
ing, however, and may limit the overall usefulness 
of the drug. 


References 


1 Vastesaeger M, Gillet P, Rasson G. Étude clinique 
d'une nouvelle medication antiangoreuse. Acta 
Cardiol (Brux) 1967; 22: 483—500. 

2 Singh BN, Vaughan-Williams EM. The effect of 
amiodarone, a new anti-anginal drug, on cardiac 
muscle. Br 7 Pharmacol 1970; 39: 657-67 

3 Wellens HJJ, Lie KI, Bär FW, et al. Effect of amio- 


f 


er 


Amiodarone and refractory tachycardias 


darone in the Wolff-Parkinson-White syndrome. 
Am J Cardiol 1976; 38: 189-94. 

4 Rosenbaum M, Chiale PA, Ryba D, Elizari MV. 
Control of tachyarrhythmias associated with Wolff- 
Parkinson-White syndrome by amiodarone hydro- 
chloride. Am ¥ Cardiol 1974; 34: 215-23. 

5 Rosenbaum M, Chiale PA, Halpern MS, et al. 
Clinical efficacy of amiodarone as an antiarrhythmic 
agent. dm J Cardiol 1976; 38: 934-44. 

6 Leak D, Eydt JN. Control of refractory cardiac 
arrhythmias with amiodarone. Arch Intern Med 
1979; 139: 425-8. 

7 Wheeler PJ, Puritz R, Ingram DV, Chamberlain DA. 
Amiodarone in the treatment of refractory supra- 
ventricular and ventricular arrhythmias. Postgrad 
Med F 1979; 55: 1-9. 

8 Vérin PH, Gendre PH, Barchewitz G, Laurent- 
Bronchat G, Yacoub M, Morax S. Thesaurismose 
cornéenne par l'amiodarone. Données récentes. 
Arch Ophtalmol (Paris) 1971; 31: 581-96. 

9 Vaughan-Williams EM. Classification of anti- 
dysrhythmic drugs. Pharmacol Ther Bull 1975; 1: 
115-38. 

10 Rees L, Ward DE, Al-Hamdi A, Camm AJ. Effect 
of amiodarone on thyroid function. International 
congress and symposium series. no. 16. London: 
Royal Society of Medicine, 1980; 53-6. 

11 Singh BN, Vaughan-Williams EM. A third class of 
antiarrhythmic action. Effects on atrial and ventri- 


.95 


cular intracellular potentials, and other pharma- 
cological actions on cardiac muscle, of MJ1999 and 
AH3474. Br 7 Pharmacol 1970; 39: 675-87. 

12 Touboul P, Porte J, Huerta F, Delahaye JP. Electro- 
physiological effects of amiodarone in man (abstract). 
Am F Cardiol 1975; 35: 173. 

13 Charlier R, Deltour G, Baudine A, Chaillet F. 
Pharmacology of amiodarone, an anti-anginal drug 
with a new biological profile. Arzneim Forsch 1968; 
11: 1408-17. 

14 Petta JM, Zaccheo VJ. Comparative profile of L3428 
and other antianginal agents on cardiac hemo- 
dynamics. 7 Pharmacol Exp Ther 1971; 176: 328-38. 

15 Charlier R, Deltour G. Correction des arythmies 
expérimentales par l'amiodarone. 7 Pharmacol (Paris) 
1970; 1: 175-82. 

16 Tadei A, Richard M, Victor J, Delhumeau A, 
Geslin P. Étude de l'amiodarone dans les troubles du 
rythme ventriculaire. Arch Med Ouest 1974; 6: 415— 
34. 

17 Van Schepdael J, Solvay H. Étude clinique de 
l'amiodarone dans les troubles du rythme cardiaque. 
Presse Med 1970; 78: 1849—50. 

18 Coumel P, Bouvrain Y. Étude clinique des effets 
pharmacodynamiques et antiarythmiques de l'amio- 
darone. 7 Agrégés 1973; 6: 69-81. 


Requests for reprints to Dr D E Ward, Brompton 
Hospital, Fulham Road, London SW3 6HP. 


Br Heart F 1980; 44: 96-100 


Multicentre post-infarction trial of propranolol 
in 49 hospitals in the United Kingdom, 


Italy, and Yugoslavia 
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SUMMARY A multicentre study of survivors of an anterior myocardial infarction is reported. The trial 
consisted of 720 patients and was a double-blind, placebo-controlled study with propranolol 40 mg 
three times a day. Trial entry was at two to 14 days (mean 8-5 days) and follow-up at one, three, and 
in most centres, six and nine months. The trial was designed to detect a 50 per cent reduction in 
mortality and this was not shown. The non-fatal reinfarction rate was similar in both groups. Subgroup 
analysis identified several prognostic risk factors for death, none of which interacted with treatment. 


There have been 15 studies with four beta-adrenergic 
blocking drugs (propranolol, practolol, alprenolol, 
and oxprenolol) after acute myocardial infarction.!715 
In 11 of these studies,'-? #4 15 the drugs were started 
within the first 24 to 48 hours. Only in the first 
study with propranolol’ was a reduction in 
mortality claimed. In another early intervention 
trial an important subgroup with an initial high 
heart rate also had a reduced mortality with 
practolol. In the other four studies,197?? treatment 
was started two weeks or more after recovery from 
the acute attack and was continued for up to three 
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years. Three of these trials yielded significant 
reductions in mortality with  practolol? and 
alprenolol.! 12 The present studies were undertaken 
to see whether propranolol gave comparable results 
with those of practololi? in patients with anterior 
infarction. 


Patients and methods 


From a total of 49 hospitals, 720 patients (609 men, 
111 women) aged 70 or less entered a double-blind. 
placebo-controlled study at two to 14 days (mean 
8-5) after anterior infarction. They were started on. 
propranolol or placebo according to a separate 
random code for each centre, with a dose of 40 mg 
propranolol thrice daily. Follow-up was at one, 
three, six, and nine months in 28 centres (Table 1). 
Outpatient facilities were restricted in 21 hospitals. 


Table 1 Number of patients 





Patients in trial 





Placebo Propranolol 
Entry 365 355 
1 month 345 328 
3 months 295 299 
6 months* 147 146 
9 months* 122 123 





* In a total of 374 patients the trial duration was only three months. 
Mean duration in trial: patients on propranolol 172% days; 
patients on placebo 169 days. 
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and so hospital follow-up. was made at one and three 
months only. Subsequent mortality and morbidity 
in patients beyond three months from these 21 
centres was ascertained by direct communication 
with the doctor and, if necessary, with the patient's 
general practitioner. At the hospital visits blood 
pressure, heart rate, side effects; and drug com- 
pliance were recorded. Patients withdrawn for 
various reasons were also followed up and their fate 
determined. i 


PATIENT SELECTION 

Diagnosis of anterior myocardial infarction was 
based on electrocardiographic abnormalities of an 
anterior infarction defined as “very probable" on 
WHO electrocardiographic criteria,!$ plus either a 
typical history or serum enzyme levels (AST and 
LDH) at least twice the accepted upper limit of 
normal or three times if CK was used. 


Critera for exclusion included* : (1) bronchospasm; 
(2) atrioventricular block greater than first degree; 
(3) sinus bradycardia (< 55/minute); (4) persistent 
heart failure; and (5) beta blockade at time of 
infarction. 


Withdrawal criteria : (1) angina requiring treatment 
with a beta blocker; (2) bradycardia less than 50 
beats/min or heart block greater than first degreg; 
(3) other clinical indications, for example heart 
failure; and (4) discontinuation of treatment for 
more than 10 days. 


STATISTICAL METHODS 

. It was estimated that 1000 patients in each group 
would be needed to give adequate power to detect a 
reduction in three month mortality from 4 per cent 
in the placebo group to 2 per cent in the propranolol 
group?’; this assumed reduction was based on the 
earlier practolol trial results. A precautionary 
sequential analysis of mortality was also used to 
avoid excessive prolongation of the study. Analysis 
of mortality included all deaths in all randomised 
patients, whether or not they withdrew from the 
trial. Analysis of potential risk factors and their 
interaction with treatment was carried out by means 
of stepwise regression,'? and confirmed by means 
of Cox's proportional hazard regression model.!? 
In stepwise regression the most significant factors 
are deliberately selected from a large set of possible 
factors. This leads to significance levels which are 
too high and which, therefore, must be interpreted 
cautiously.?° * 


* Full details available on request from Dr N S Baber, ICI Pharma- 
ceuticals. 
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Results 


GROUP COMPARISON . 
The two groups were similar in all the factors 
shown in Table 2. 


TRIAL TERMINATION 

When the double-blind trial reached the statistical 
end-point of no difference, patient recruitment was 
stopped: 


TOTAL DEATHS AND REINFARCTIONS 

The difference in total mortality between the two 
double-blind groups was not statistically significant 
(Table 3). The 90 per cent confidence limits on the 
mortality difference in the trial ranged from a 41 
per cent decrease to a 54 per cent increase. There 
were no significant intergroup differences for 
timing or mode of death or reinfarction (Tables 
3 and 4). 


Table 2 Comparability of groups 











History before infarct Placebo Propranolol 
No. of patients 365 385 
Mean age (y) 548 55-0 
Percentage male 83 86 
Percentage female 17 14 
Mean weight (kg) 72 73 
Mean height (cm) 170 170 
Previous angina: 
Percentage positive 40 35 
Percentage with angina more 
than three months 19 15 
Previous infarct (95) 16 . 15 
History of cardiac failure (96) 2 1 
Concurrent disease: 
Percentage hypertension 15 13 
Percentage peripheral artery 
disease 2 1 
Percentage with diabetes 4 3 
Smokers (95) 65 64 
Data on original infarct and post-infarct state 
Earliest mean ( +SE) systolic and 144:5 (1:4) 142-7 (1:3) 
diastolic blood pressure after 
infarct (mmHg) 91:4 (0-9) 91-4 (0-8) 
Earliest mean ( +SE) heart rate 
(beats/min) 84-0 (1-0) 82:2 (0-9) 
Treatment during acute phase: 
Percentage DC shock 4 5 
Percentage drug treatment 
other than beta blockers 88 86 
Percentage receiving beta 
blockers 7 5 
Percentage with cardiac failure 
in acute phase 21 19 
Mean no. of days from infarct 
to entry 84 8:4 
Mean ( X SE) systolic BP at 
entry (mmHg) 1242 (1:0) 122-8 (0-9) 
Mean ( x SE) diastolic BP at 
entry (mmHg) 79-7 (0-6) 79-2 (0-6) 
Mean (+SE) heart rate at entry 81-9 (0-6) 81:3 (0-7) 
Percentage with ventricular 
ectopics at entry 7 6 
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Table 3 Total deaths and reinfarctions in all randomised 
patients at 9 months 
——M— 














Placebo Propranolol 
No. Percent No. Per cent 
Cardiac deaths in rial —— 18 449° ° 19 54 
Non-cardiac deaths in trial 2 05 3 0:8 
Cardiac deaths after withdrawal 7 19 6 17 
Non-cardiac deaths after 
withdrawal 0 0 0 0 
Total deaths — "237 174 28 79 —— 
Non-fatal reinfarctions in trial 14 38 15 42 
Non-fatal reinfarctions after 
withdrawal 1 03 0 0 


Per cent expressed as a percentage of number entering the study. 


Table 4 Time from entry to death—total mortality 
— MM Ó——— M] 


Time from entry (months) Placebo Propranolol 
c MERERI ade GT NC k iss 
1to3 6 3 

3to6 6 4 

6109 1 3 


PROGNOSTIC FACTORS AND RELATION TO 
TREATMENT 

Six prognostic factors independent of a treatment 
effect were identified (Table 5). The overall 
mortality correlated positively with age and with 
entry heart rate. Mortality was also higher in 
patients with arrhythmias at entry. 

Attempts were made to relate any effect of 
treatment on mortality to the six prognostic factors 
above and also to other factors such as blood 
pressure (Table 6) (immediately on admission and 
at entry) and congestive cardiac failure (Table 7). 
However, no statistically significant relation was 
found for any of the factors (p > 0:05). 


Table 5 Risk factors for mortality independent of 
treatment 
— M —— MM — 


Age 

Definite 
Heart rate at trial entry 

p«0:005 
Arrhythmias at entry 
Female sex 

Possible 
Smoking 

p<O1 


History of myocardial infarction 


hesuunensuem D CM —— 


Table 6 Deaths related to acute systolic and entry 
diastolic blood pressures 
— M — €——Ó— MÀ 





Placebo Propranolo 

No. (?5) deaths with acute systolic 

blood pressure above mean 14 (82) 10 (6:7) 
No. (%) deaths with acute systolic 

blood pressure below mean 13 (67) 18 (8:8) 
No. (95) deaths with entry diastolic 

blood pressure above mean 21 (9-5) 15 (7-3) 
No. (%) deaths with entry diastolic 

blood pressure below mean 6 (42) 13 (8-7) 


Samem 


Table 7 Death rate by signs of congestive cardiac 
failure in acute phase 
O———^—»—»—»—»—»———— — 








Placebo Propranolol 
No. Percent No. Per cent 
Congestive cardiac failure; ————————————————————— a 
Absent 22 76 21 73 
Present 5 65 7 106 


WITHDRAWALS (Table 8) 
There were no statistically significant differences 
between the two groups. 


OPEN TRIAL 

In parallel with the double-blind, placebo-controlled 

trial, an open study, using 40 mg propranolol three 

times a day, was also conducted in 500 patients by 

doctors in 37 hospitals who, because of the practolol 

multicentre trial findings,? were unwilling to 

consider randomising. There were three findings 

of particular interest from this study: 

(1) Comparability of patients at trial entry (8:5 
days) with both groups of the double-blind trial. 

(2) A similar total mortality (31/501 entered: 6-2) 
at nine months. 

(3) A more precise estimate of risk factors independ- 
ent of treatment was possible by inclusion of 
this group (Table 5). 


Table 8 Reasons for withdrawal from trial (these are 
not mutually exclusive) 
———————————— 














Placebo Propranolol 
Reinfarction 9 10 
Cardiac failure 22 22 
Cardiac failure alone 17 10 
Angina 13 7 
Arrhythmias 11 1. 
Adverse reaction 5 12 
Other 38 42 
Total number of patients " 
withdrawn 88 (24%) 82 (23%) 


Se 
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Discussion 


The findings indicate no difference in mortality 
throughout the nine months of follow-up after 
anterior myocardial infarction, between those given 
propranolol (40 mg thrice daily) and placebo. These 
results merit close examination, because they 
demonstrate some important features in the design, 
execution, and interpretation of such trials. 

The design of the study took into account the 
experience gained from the practolol multicentre 
study.? The number of patients required was 
estimated on the basis that propranolol might 
produce a comparable reduction in mortality to 
that of practolol, that is 50 per cent. 

Propranolol may produce a reduction in mortality 
of less than 50 per cent, and this is still possible 
within the confidence limits of the result (Fig). 
'The dismissal of potentially useful agents because 
of an inadequate sample size or the reporting of 
“no difference" between treatment and control 
when only very large differences have been con- 
sidered, has been recently reviewed. In the 
example given in that reference (which was a 
propranolol post-infarction trial) there was a 77 
per cent risk of missing a real difference of 25 per 
cent reduction in mortality, and a 42 per cent risk 
of missing a difference of 50 per cent. The Figure 
gives the 90 per cent confidence limits for the true 
percentage difference in mortality rates for all 
propranolol trials. In seven of the eight trials, a 
25 per cent reduction in mortality cannot be 
excluded; in six of the eight studies, a 50 per cent 
reduction cannot be excluded. 

In the present study the lower confidence limit 
does not exclude a possible reduction of 40 per cent 
but much larger numbers of patients would have 
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been required to show. this smaller difference 
(approximately 1700 per group). It is pertinent to 
ask whether a smaller reductipn in mortality, if 
proven, would warrant the widespread use of a beta- 
blocking agent for all anterior infarction patients. 
A recent editorial by Rose?? develops this argument. 
The annual mortality after an uncomplicated 
anterior infarction is about 6 per cent,;? and if a 
30 per cent reduction in this mortality could be 
achieved, then in every 100 patients treated, two 
patients would benefit. 

Another consideration concerns the possibility 
that harm to specific patient subgroups outweighs 
benefit to others. However, this was not shown in 
this trial. In particular, there was no evidence that 
more patients died in congestive cardiac failure or 
were withdrawn from the trial because of this 
complication in the propranolol group compared 
with placebo. 

In the practolol multicentre study, patients with 
an anterior infarction whose trial entry diastolic 
blood pressure was equal to or below the mean 
(78 mmHg) and who received practolol, had only 
one-sixth the mortality, compared with their 
respective placebo group (24 deaths on placebo 
versus four deaths on practolol) Interactions of 
blood pressure and treatment were sought in the 
present study, but none of these reached significance 
at the 5 per cent level. 

Detailed comparison with the practolol trial is 
not appropriate, but possible pertinent differences 
include: size of trials, differences between patient 
groups, differences in pharmacological profiles, and 
differences in the time courses of beta blockade.” *4 


We are grateful to Dr K Green and Mr S H Ellis 
for advice. 


[otn 2 al 
guen € Barber ef af 


Kahler ef af 
= 100°/> = 50% 0 25°% 50*l» . 100*/. 
Increase, in mortality on Reduction in mortality on 
propranolol propranolol 


50°. reduction possible in 6/8 


25*/, reduction 


possible in 7/8 


Fig. Difference in mortality rates with 90 per cent confidence limits expressed as a percentage of observed control rate in 


eight controlled trials of propranolol. 
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Left ventricular function and beta-blockade in 
chronic ischaemic heart failure 


Double-blind, cross-over study of propranolol and 
penbutolol using non-invasive techniques 


ANDERS VEDIN, JOHN WIKSTRAND, CLAES WILHELMSSON, 
INGEMAR WALLENTIN 


From the Department of Medicine, Ostra Hospital, and the Department of Clinical Physiology, Sahlgrenska 
Hospital, University of Göteborg, Göteborg, Sweden 


SUMMARY From an original group of 32 male post-infarction patients treated with digoxin for presumed 
cardiac failure eight patients were recruited for the present study by means of a single-blind evaluation 
of the patients’ clinical need for continued treatment with digoxin. Dyspnoea on effort as recorded on 
a standardised questionnaire was used to define failure of the left ventricle. In order to be recruited 
to the present study the functional class (NYHA) of the patients had to deteriorate at least one full 
class while on placebo instead of digoxin. During a subsequent double-blind, cross-over phase digoxin 
was kept constant and additional treatment with 160 mg propranolol or 40 mg penbutolol twice daily was 
given. Each patient received the two beta-blockers for periods of two weeks each separated by an 
intermediate four-week placebo period. Cardiac function was investigated using electrocardiography, 
apexcardiography, phonocardiography, echocardiography, and pulse curves from the carotid artery, 
jugular bulb, and liver before and at the end of each treatment period. The findings indicated well- 
preserved systolic function before beta-blockade despite the history and symptoms, and despite several 
indices of cardiac damage such as pronounced ischaemic electrocardiographic abnormalities, and 
large and hypertrophied hearts (x-ray and echo). Instead, many variables reflected impaired diastolic 
function. During beta-blockade no signs of impaired cardiac function emerged. On the contrary, 
enhanced diastolic filling properties were found; these also contributed to the performance of the 
left ventricle during systole. No differences between propranolol and penbutolol could be shown. 


Beta-blockers are widely used in the treatment of 
patients with cardiovascular disease. At present 
beta-blockers are used for arrhythmias, angina 
pectoris, hypertension, and, recently, as prophylaxis 
against sudden death after myocardial infarction.1 ? 
On a theoretical basis, symptoms of heart failure 
have been considered as contraindications to beta- 
blockade. In our experience, however, heart failure 
caused by beta-blockade is rare in patients treated 
with digitalis.’ 

The purpose of the present investigation was to 
assess any possible negative influence of beta- 
blockade on left ventricular function in post- 
infarction patients with chronic left ventricular 
failure clinically compensated by treatment with 
Received for publication 22 October 1979 


digoxin. The study was a double-blind, randomised 
cross-over study of propranolol and penbutolol 
using non-invasive techniques to study cardiac 
function. 


Patients and methods 


The patients in:this study had to complete an 
initial, single-blind run-in phase in a defined manner 
in order to establish the clinical indication for 
continuous treatment with digoxin (Fig. 1). The 
single-blind phase comprised three stages of six 
weeks each. 

(1) During the first stage all patients were in 
functional class II because of dyspnoea on effort* 
during treatment with digoxin, 0-25 mg daily. - 
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y Single blind phase ——— ———— —— —————4:-——— Double blind phase —— 


0 6 12 
Weeks 


Randomisation 


18 20 24 26 


—— Digoxin 0-25mg — —— Placebo ——— H Digoxin 025mg ———— ———— ————34 


Fig. 1 


(2) Digoxin treatment was changed to placebo 
and the functional class was recorded every week 
during the second stage. 

(3) Treatment was then changed back to digoxin 
0-25 mg daily for six weeks and the functional class 
was recorded each week. 

The patients who had been consistently worse by 
at least one functional class during the final four 
weeks on placebo and reported consistent return 
to the previous superior functional class during 
the final four weeks on digoxin were selected for 
the second double-blind controlled phase of the 
study. They comprised eight out of the original 
32 male patients with sinus rhythm. All had had a 
definite myocardial infarction from five to 64 
months before the investigation. They were seen 
regularly at the Postmyocardial Infarction Clinic 
in Göteborg, Sweden, and all were treated acccording 
to standardised criteria.® All patients were free from 
electrocardiographic conduction defects, angina 
pectoris, hypertension, and chronic obstructive 
pulmonary disease. Patient characteristics are listed 
in Table 1. The patients were seen’ once a week 


investigation 


t-Beta-ir—Placebo —1FBeta 4 


blockade blockade 
f of t 4 
Non-invasive Runin 1 Washout 2 


Study design. Weekly clinical check-ups took place throughout the study. 


during the study. The presence of cardiac symptoms 
was registered by means of standardised question- 
naires. During the present study the questionnaires 
were completed by trained technicians without 
knowledge of the treatment given. The patients 
were asked to abstain from alcohol throughout the 
entire study period and were instructed not to 
change their coffee, tea, and salt consumption. All 
patients were fully informed about all aspects of 
the trial and verbally agreed to participate. The 
procedure was approved by the local ethical review 
committee. : 

The controlled double-blind trial consisted of 
three parts (Fig. 1). All patients maintained their 
digoxin treatment unchanged throughout this part 
of the study. After an initial non-invasive investi- 
gation of the cardiac function the patients entered 
treatment period I. They were randomly allocated 
to treatment with either 40 mg penbutolol or 160 mg 
propranolol twice daily for two weeks. At the end 
of this period another non-invasive investigation of 
the cardiac function was made. 

After treatment period I there was a wash-out 


Table 1 Patient characteristics at entry to double-blind phase of the study 








Case Age (y) Height Weight Months since 
no. (em) (hg) myocardial 
infarction 

1 61 180 80 16 

2 59 180 82 64 

3 52 177 78 25 

4 57 178 88 8 

5 58 160 70 9 

6 51 176 71 6 

7 58 175 79 5 

8 60 170 71 13 


Relative cardiac — Electrocardio- Echocardio- Septum 
vol graphic graphic thickness 
(ml{m? BSA}* — abnormalityt (em) § 

Post. wall 
500 + t t 
600 + 14 1-6 
540 + 13 15 
700 d 15 1:3 
500 + l4 “14 
450 + 12 1:3 
500 - t 19 
450 + 12 13 





* Measured according to Jonsell?*, > 450 ml/m? BSA abnormal. 


T Minnesota coded* Q-waves 1:1-3 and/or ST-T abnormalities 4:1-3 and/or T-wave abnormalities 5:1—3 


X Satisfactory echo recordings not obtained. 
§ Normal range < 1-2 cm. 
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period of four weeks. At the end of this period a 
non-invasive investigation of the cardiac function 
was made in half the patients to ascertain that the 
effect of beta-blockade had vanished. All patients 
could not be studied during this phase because of 
the great demand on the laboratory of non-invasive 
investigations from other departments. The patients 
originally treated with penbutolol or propranolol 
were then crossed over to the alternative beta- 
blocker during the subsequent two weeks, treatment 
period II. At the end of period II the final non- 
invasive investigation of cardiac function was made. 
No other concomitant drugs were permitted. All 
trial drugs were given to the patients in prepared 
boxes containing separate compartments for each 
morning and night. Active drugs and placebos were 
of the same shape, taste, and appearance. 


NON-INVASIVE INVESTIGATIONS OF 

CARDIAC FUNCTION 

The patients arrived at the laboratory in the 
morning after having a light breakfast and after 
having taken their morning dose of digoxin and 
the trial drug. All patients arrived at the laboratory 
at the same time of the week for all the non- 
invasive investigations during the study. 

Conventional electrocardiogram, apexcardiogram, 
phonocardiograms, pulse curves from the carotid 
artery, jugular bulb, and liver, and resting blood 
pressures were all recorded on an ink-jet seven- 
channel recorder (Siemens-Elema AB, Sweden) in 
a sound-protected room. 

Resting systolic and diastolic blood pressures 
(phase V) were measured after 45 minutes' rest in 
the supine position with an automatic device for 
cuff inflation and deflation, with a microphone 
placed over the right brachial artery and with 


70 7.0 


en 


M. Se eo 


E 5-0 5 5-0 

ce 

8 " 
2 0 240 

uj m 
3-0 3-0 

` 
0 Ik ete 


Pen Prop 


103 


. 


simultaneous recording of cuff pressure, Korotkoff 

sounds, and electrocardiogram. 

Echocardiographic recordings*were made using 
commercially available equipment (Brüel-Kjaer, 
Denmark) connected to a strip chart recorder 
(Honeywell, USA). The standard technique? of 
examining the diameter of the left atrium and left 
ventricle was followed. T'he anteroposterior diameter 
of the left ventricle was measured just below the 
aortic root, through or close to both the anterior 
and posterior mitral leaflets at the end of systole 
and diastole. When measuring the left atrium the 
beam had to go through and visualise the aortic 
leaflets as well. The stroke volume was calculated 
from the end-diastolic and end-systolic volumes 
derived by the cube method,? and the ejection 
fraction. from the stroke volume and the end- 
diastolic volume. 'The mean rate of circumferential 
fibre shortening was calculated.? The left ventricular 
ejection time in the formula was derived from the 
carotid pulse curve (corrected to the actual heart 
rate). 

The variables studied were: 

(a) Total electromechanical systole from the 
beginning of the QRS complex to the beginning 
of the aortic component of the second heart 
sound (QA). 

(b) Theelectromechanical interval from the begin- 
ning of the QRS complex to the systolic 
upstroke of the apexcardiogram (EMI). 

(c) The left ventricular ejection time from the 
beginning of the systolic upstroke of the carotid 
pulse tracing to the incisura (LVET) and 
corrected for heart rate (LVET %).?° 

(d) The pre-ejection period (PEP = QA, ~ LVET). 

(e) The isovolumetric contraction time (ICT == 
PEP - EMI). 


Fig.2 Individual measurements 
of LVEDD and LVESD during 
run-in and after penbutolol ( Pen) 
and propranolol ( Prop). Values 
for seven patients in one of whom 
complete measurements could not 
be obtained. 
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The PEP/LVET ratio. 

The ICT/LVET ratio. 

The interval Between the aortic component of 
the second sound and the 0 point of the apex- 
cardiogram (A,0). 

Pressure rise velocity during the isovolumetric 
contraction time, that is DBP/ICT. 

The total interval from the beginning of QRS 
to the opening of the mitral valve (QM,). 


(f) 
(g) 
(h) 
G) 
G) 


(k) The ratio (%4) of the amplitude of the “a” wave 
(a) and the total deflection of the apex cardio- 
gram (H; a/H ratio). 

(D The ratio (^;) of the rapid filling wave (RFW/H 
ratio). 

(m) The amplitude of the fourth sound in the 
50 Hz band relative to that of the first sound 
(IV/I;s n2). 

(n) Left ventricular end-diastolic diameter 
(LVEDD). 

(0) Left ventricular end-systolic diameter 
(LVESD). 

(p) Echocardiographic stroke volume (SV). 

(q) Echocardiographic ejection fraction (EF). 

(r) Echocardiographic mean ventricular circum- 
ferential fibre shortening (mean Vcr). 

(s) Echocardiographic left atrial diameter (LA). 


Analysis and calculation of each variable was 
done blindly without knowledge of the treatment 
or study period. All variables were derived as the 
mean of measurements from five consecutive beats. 
All methods used and the definitions of the measure- 
ment points on the electrocardiogram, phono- 
cardiogram, carotid pulse tracing, apexcardiogram, 
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and echocardiogram have been presented in detail 
elsewhere.!9-1* 

Because of the small number of patients and the 
abnormal distributions of many variables, differ- 
ences between the groups were tested by the 
Friedman two-way analysis of variance. Thereafter 
differences between two groups were tested by the 
Wilcoxon signed pairs rank sum test.'4 

Statistically significant differences were con- 
sidered for p «0:05. Findings with a p «0-1 were 
considered biologically meaningful if consistent in 
other related variables and similarly observed after 
both beta-blockers. 


Results 


There were no significant differences between the 
run-in and wash-out measurements. Therefore, the 
wash-out results have been omitted. The results 
are presented in Table 2. 


CARDIAC FUNCTION 
BLOCKADE 

The patients had several signs of myocardial 
damage with electrocardiographic abnormalities, 
enlarged hearts, and myocardial hypertrophy 
(Table 1). Six out of eight patients had abnormally 
prolonged EMI but otherwise the indices of 
systolic function showed signs of little or no 
impairment as indicated by findings of normal 
LVET per cent, PEP/LVET, and high DBP/ICT. 
A clearly reduced EF and mean Vcr was found in 
only two patients. However, the diastolic function 
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Table 2 Results of non-invasive cardiac function studies before (run-in) and after two weeks of penbutolol or 
propranolol in eight patients with chronic congestive failure after myocardial infarction treated with digoxin. 








Variable Run-in Penbutolol Propranolol Normal range 
SBP (mmHg) 127 (116-163) 123 (97-164) 120 (107-150) NS — 

DBP (mmHg) 85 (70-95) 76 (66-97) 75 (71-92) NS — 
HR/min 58 (48-92) 54 (40-59) 53 (42-66) «0:05 — 

QA, (ms) 395 (356—425) 421 (391-458) 414 (382-434) « 0-05 — 

EMI (ms) 45 (34-72) 42 (28-69) 45 (25-74) NS «40 
LVET (ms) 300 (247-320) 314 (283-342) 315 (257-327) < 0:05 ~ 
LVET (90) 98 (94-105) 98 (95-112) 97 (90-11D NS >90 
PEP (ms) 98 (81-117) 109 (79-131) 102 (81-125) NS « 130 
PEP/LVET 0-32 (0:26-0:44) 0:34 (0-26-0-45) 0-34 (0-23-0-49) NS «0:45 
ICT (ms) 49 (31-83) 67 (40-74) 57 (37-76) NS « 100 
ICT/LVET 016 (011-020) 0-22 (013-024) 019 (0-11-0:34) NS «0:35 
A,O (ms) 176 (149-198) 178 (150-190) 177 (158-189) NS < 150 
QM, (ms) 476 (385-499) 473 (391-520) 472 (407-535) NS Not defined 
DBP/ICT (mmHg/s) 1600 (1145-2452) 1210 (1029-1650) 1422 (1211-1919) NS 715-1200 
a/H (95 1 70 (35-260) 105 (46-265, T5 (24-243) NS «15 
REW/H (955) 36 (12-209) 37 (L1-122) 42 (27-81) NS «5 
IV/ISOHz (55) 10-9 (40-243) 63 (29-184) 8&0 (34-102) x 0:02 «20 

LA (cm) 42 — (318-60) 4:4 (39-60 43 (38-61) NS x40 
LVEDD (cm) 55 (46-646) 57 (48-69) 59 (53-67) < 0-06 <56 
LVESD (cm) 37 (32-50) 3:6 (2:8-4:9) 39 (33-44) NS = 

SV (mb 100 (64-110) 128 (86-211) 138 (98-197) <01 — 

CO (l/min) 65 (33-105) 67 (37-124 77 (46-9:5) «01 — 

EF (95) 0:67 (056-073) 0-70 (061-080 0-68 (0-64-0-80) <O1 > 0:60 
Mean Ver (circ/s) 101 (083-123) 110 (086-116) 106 (096-126) NS *10 


Median values and observed range within parentheses. Normal ranges according to Wikstrand,!* !! and Swedberg.'* 
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was more compromised in a number of patients as 
indicated by findings of abnormal prolongation of 
A,0 in seven, abnormally large LA in six, and 
abnormally high a/H ratio or IV/I;,nz in four of 
the patients. 


CARDIAC FUNCTION AFTER BETA BLOCKADE 
Blood pressure and heart rate 

Penbutolol and propranolol did not reduce the 
systolic or diastolic blood pressures. The heart rate 
was reduced equally by penbutolol and propranolol. 


Systolic and diastolic time intervals 

QA, was equally prolonged by both penbutolol and 
propranolol because of a prolongation of LVET. 
This prolongation was caused by the decrease in 
heart rate since LVET per cent was not influenced. 


Phono- and apexcardiographic measurements 

The IV/I,ouz was lowered by beta blockade. The 
four patients with a/H ratios above 15 per cent at 
run-in returned to normal during beta-blockade. 
The reduction was most pronounced when the 
comparison was made between run-in values and 
propranolol. No patient had a pathological third 
heart sound. 


Echocardiographic measurements 
Left atrial diameter was not affected by beta- 
blockade. LVEDD was increased by both beta- 
blockers, the difference being most pronounced 
between run-in values and propranolol. LVESD 
was not affected by beta blockade but tended to be 
reduced by penbutolol compared with propranolol. 
Stroke volume was increased by beta-blockade. 
This difference was more pronounced for pro- 
pranolol. The effect on stroke volume was sufficient 
to cause an increased cardiac output despite the 
lowered heart rate. Ejection fraction was improved 
by both beta-blockers. Mean Vcr was not changed 
by beta-blockade. 


Comparison between penbutolol and propranolol 
No consistent differences between the two beta 
blockers were observed. 
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Clinical observations and side effects 

The body weight of the patients was not changed. 
Four patients spontaneously reported less dyspnoea 
on exertion while on beta-blockers in contrast to 
placebo; this improvement was reflected in state- 
ments of an increased level of physical performance. 
No patient reported an increase of dyspnoea on 
effort during beta blockade. 


Discussion 


The eight patients of the present study all had a 
clinically verified indication for digoxin. This was 
checked because of the conflicting opinions on the 
role of digoxin for heart failure in patients with 
sinus rhythm. The design of the study and the 
doses of the beta blockers used were such that any 
serious negative effects of these agents would most 
probably have been disclosed. 

In the diagnosis of left ventricular dysfunction 
the systolic time intervals alone do not provide 
enough information.!* More complete information is 
required on the size of the left ventricle and left 
atrium, the filling pattern of the left ventricle, 
contractility, and valvular function. This can be 
obtained by combining echocardiography, phono- 
cardiography, apexcardiography, and recording of 
systolic and diastolic time intervals. Pathological 
systolic time intervals appear at a late stage in left 
ventricular dysfunction since the altered filling 
pattern during diastole and ventricular hypertrophy 
may compensate for the impaired systolic left 
ventricular function.!? 9 " Therefore, diastolic 
function must also be studied when impairment of 
the left ventricular function is considered. 

Invasive assessment of left ventricular function 
may have yielded interesting data for correlation 
with the present non-invasive findings. Catheterisa- 
tion and angiocardiography were, however, not 
performed as it was not considered ethically 
justifiable to perform repeated invasive investiga- 
tions in our patients. Regardless of whether invasive 
or non-invasive methods have been used, there is 
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a lack of agreement on universally accepted indices 
of the function of the left ventricle during the 
various intervals of.the cardiac cycle. 

The various measurements recorded in the 
present study have been analysed with particular 
attention to consistent changes in related measure- 
ments, and special importance has been attached 
to changes observed during treatment with both 
of the two beta-blockers. In addition, special 
attention was paid to detecting adverse effects of 
beta-blockade on cardiac function. This type of 
pattern-recognition analysis has previously been 
used in our laboratory.!? !! 13 18 

Propranolol lacks intrinsic stimulating activity 
and penbutolol is a more recent non-selective beta- 
blocker with an intrinsic stimulating activity of 
approximately 15 per cent.!* The doses were 
considered equipotent in the reduction of exercise 
tachycardia.?? 

The finding of predominant impairment of 
diastolic cardiac function in our patients is in 
agreement with an earlier study. The results 
regarding pressure rise velocity (DBP/ICT) may be 
interpreted as showing that the contraction may 
have been more powerful in several postinfarction 
patients compared with reference subjects. This 
observation could not be explained by treatment 
with digitalis, nor could it be explained by differences 
in the end-diastolic pressure as judged from the a/H 
ratio from the apexcardiogram.!? Patients with a 
much higher diastolic pressure may, however, have 
a normal “a” wave in the apexcardiogram.?! 

In the present study the non-invasive signs of 
improved pump function after beta-blockade as 
reflected by increased stroke volume, cardiac out- 
put, and ejection fraction were the result of an 
increased LVEDD but an essentially unchanged 
LVESD. End-systolic dimensions have been shown 
to discriminate patients with different degrees of 
impaired left ventricular function.?* These findings 
may support the interpretation of our data that the 
working point of the left ventricle was shifted to a 
more favourable position on the Starling curve. 
Thus there were no signs of impaired systolic 
function during beta-blockade in our patients. Some 
patients may have had asymmetric ventricular 
contractions caused by local dyskinesia. Because 
the patients constituted their own controls the 
changes observed should be valid, though absolute 
individual levels may be false. In particular, the 
calculations of stroke volume and cardiac output 
must be interpreted with caution but ejection 
fraction is more reliable since similar errors are 
introduced in both the numerator and the denomin- 
ator. 

The ratio PEP/LVET has been found to be 
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closely correlated with the contractility index of 
the left ventricle." *4 This ratio was not significantly 
influenced by beta-blockade nor was ICT nor DBP/ 
ICT. A measure of the duration of the relaxation 
between closure of the aortic and opening of the 
mitral valves can be constructed as the difference 
QM,-QA, The interval tended to be shorter 
during beta-blockade, demonstrating a faster rate 
of relaxation despite the lowering of the heart rate; 
this indicates a more favourable situation regarding 
the time for left ventricular filling. Improved filling 
of the left ventricle during the rapid and slow- 
filling phase may explain the signs of a less vigorous 
atrial contraction after beta-blockade as indicated 
by the constant a/H ratio and lowered IV/Igguz. 
If in ischaemia the supply and demand of calcium 
or ATP are barely balanced during the systolic 
contraction, a relative deficiency of ATP with 
delayed inactivation of calcium might arise leading 
to delayed relaxation.” ** The contraction phase and 
the relaxation phase can be influenced partly 
independently of one another.?-?* The findings in 
our study might indicate a direct influence of the 
beta-blockers on cellular function during relaxation. 
In severe congestive cardiomyopathy some 
patients have improved dramatically when they were 
treated with beta-blockade. The individual re- 
sponse, however, is variable. !? !5 The mechanism of 
action of beta-blockers in this condition is probably 
somewhat different from that in our patients. 
Dyspnoea on effort is the symptom defining the 
clinical entity of cardiac failure in the present study. 
In patients without pulmonary disease dyspnoea on 
effort may be caused by increased pulmonary 
capillary pressure reflecting an increased filling 
pressure of the left ventricle. The increased filling 
pressure may in turn be a result of left ventricular 
systolic dysfunction or diastolic dysfunction (left 
ventricular distensibility) or a combination there- 
of. In patients with decreased left ventricular 
distensibility, an increased filling time may com- 
pensate for the difficulty in filling the ventricle. 
The situation is analogous to that in mitral 
stenosis where stroke volume decreases with in- 
creasing heart rate because the degree of filling of 
the left ventricle is more time-dependent than under 
normal conditions. The major functional impair- 
ment after not too extensive infarction may not be 
in emptying the ventricle but rather in a decreased 
filling capacity caused by hypertrophy, fibrosis, or 
scarring. Well-preserved systolic contractile func- 
tion in intact parts of the myocardium may 
compensate for dyskinetic areas. This hypothesis 
is supported by the present findings together with 
those in a previous study.!? It may contribute to 
the explanation as to why precipitation of failure 
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is rarely seen after beta-blockade. The lowering of 
the heart rate after beta-blockade may, therefore, 
improve the cardiac function and symptoms in 
many post-myocardial infarction patients. There 
may also be a direct effect of beta-blockers on left 
ventricular distensibility. 


This study was supported by grants from the 
Swedish National Association against Heart and 
Chest Diseases. 
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Àn unusual case of large right atrial myxoma 
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SUMMARY A case of right atrial myxoma is described. The patient had vague and variable symptoms 
and it was not until five years after first presentation that she had developed clinical and electrocardio- 
graphic evidence of right atrial hypertrophy, and angiocardiographic evidence of a fist-sized myxoma 


which was subsequently removed surgically. 


Although 75 per cent of cardiac myxomata occur in 
the left atrium, there are many reports of right 
atrial myxoma.! ? Symptoms of exertional dyspnoea, 
weakness, and fatigue are frequent and have been 
related to a reduction in cardiac output? which has 
been confirmed at cardiac catheterisation in some 
instances.? * 'These symptoms are, however, usually 
accompanied by signs of obstruction to right atrial 
outflow.? * We describe a patient who first presented 
with variable symptoms of weakness, malaise, and 
dizziness in the absence of physical signs or electro- 
cardiographic abnormalities. Though several medi- 
cal practitioners referred to her bizarre symptoms, 
the diagnosis of right atrial myxoma was not made 
until the development of abnormal physical signs 
and an abnormal electrocardiogram. 


Case report 


A 28-year-old woman, a typist, complained of several 
episodes of light-headedness, sweating, breathless- 
ness, and weakness which lasted up to 30 minutes 
and were usually unrelated to exercise. She was 
referred to a consultant cardiologist who found no 
clinical, radiological, or electrocardiographic 
abnormalities. 

The most impressive feature of the interview 
was her pronounced agitation and distress upon 
seeing a dead cockroach under the consultation 
couch which led to an attack similar to those she 
had experienced previously. A diagnosis of hysteric- 
cal hyperventilation resulting from a personality 
disorder was made at that time, but no further 
investigations were performed to substantiate this. 

In the following year she was referred to a 
gynaecology department for investigation of amenor- 
rhoea, which was attributed to discontinuing an 


oral contraceptive. The amenorrhoea persisted, 
but when she and her husband eventually decided 
after another four years that they did not want 
any children, she was admitted for bilateral tubal 
ligation. Several doctors again commented on her 
bizarre personality, but it was also noted that 
she had a systolic murmur and she was referred to 
the cardiology clinic, by then five years after her 
original appointment. 

She complained of further attacks similar to 
those described earlier, but they were more frequent 
and more severe. During such an episode she would 
“feel like a jelly", with extreme tiredness and light- 
headedness, was sometimes breathless, and usually 
felt as though she wanted to close her eyes and 
sleep. Attacks occurred both on exercise and at rest 
and she frequently had to sit or even lie down in a 
shop on the way to work if she felt unwell. If they 
occurred at home, she would lie face down on a 
bed for 30 minutes after which time she improved, 
but sometimes she felt unwell for as long as 12 
hours. Between attacks she felt well for periods of 
up to several weeks and she regularly took part in 
vigorous exercise. 

By then, however, there were several abnormal 
features. There was a very prominent “a” wave in 
the jugular venous pulse and also a scratchy 
intermittent systolic and diastolic murmur, maximal 
in the fourth intercostal space at the left sternal 
edge and sounding like a pericardial friction rub or 
an exocardiac murmur. The electrocardiogram 
showed very tall P waves in leads II, III, and V1 
to V4, indicating right atrial hypertrophy. There 
was also 'T wave inversion in V1 to V4 (Fig. 1). 
The chest x-ray film showed a straight heart 
border, but no increase in heart size. s 

The erythrocyte sedimentation rate was 60 mm 
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in the first hour and, though the total protein was 
normal, the albumin fraction was low at 49 per cent, 
with slightly raised alpha-2 and gamma globulins. 
The liver was not enlarged but the alkaline phos- 
phatase was raised at 222 units/| (normal 20 to 85 
units/l) with an increased liver band on electro- 
phoresis. 

At cardiac catheterisation the right atrial “a” 
wave was 19 mmHg, the right ventricular pressure 
was 27/10 mmHg, and the pulmonary artery 
pressure 16/7 mmHg. Cineangiography showed a 
large filling defect in the right atrial cavity. 

Because of the auscultatory evidence which 
suggested pericarditis, the T wave changes in the 
right ventricular leads, the raised alkaline phos- 
phatase, and a liver scan reported as showing small 
metastatic deposits, it was feared that there was a 
malignant tumour, with right ventricular and 
pericardial infiltration and hepatic metastases. A 
liver biopsy, however, showed no evidence of 
tumour. 

At thoracotomy the right atrium was found to be 
almost completely filled by a large, hard, bluish- 
purple mass which was slightly lobulated and was 
attached over a distance of 2 cm to the lateral wall 
of the atrium. The tumour (Fig. 2) measured 
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Fig. 1 Comparison of electrocardiograms from first 
attendance and five years later, showing the development 
of large P waves and anterior T wave inversion. 
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9 > 8 «6 cm and histological examination confirmed 
that it was a myxoma. Inspection Of the liver showed 
that it was enlarged and congeyted, but there was 
no sign of tumour. 

Postoperatively she recovered satisfactorily; the 
alkaline phosphatase and liver scan rapidly returned 
to normal. One year after operation, she was 
entirely free from symptoms and had a normal 
venous pressure, no friction rub or murmur, and a 
normal electrocardiogram and chest x-ray. Erythro- 
cyte sedimentation rate and plasma proteins were 
also normal. She had returned to an active life, her 
only complaint being that her menstrual periods 
had restarted. 


Discussion 


A combination of features (namely what appeared 
to be a pericardial friction rub, T wave changes in 
the electrocardiogram, elevation of the alkaline 
phosphatase, and an abnormal liver scan) suggested 
the possibility that the filling defect noted on cine- 
angiography was caused by a malignant tumour. 
Previous case reports of a right atrial myxoma have, 
however, recorded the presence of what seemed to 
be a pericardial friction rub* though the cause is 
uncertain. The T wave abnormalities in leads V1 
to V4 are unexplained, but similar changes have 
been observed. It is possible that the raised alkaline 
phosphatase and perhaps also the liver scan 
abnormalities were a result of hepatic congestion 
secondary to obstruction in the right atrium. 

The tumour originated from the lateral wall of 
the atrium, whereas in most reported cases the 
origin was from the atrial septum in the vicinity of 
the fossa ovalis." Origin from the free inferolateral 
wall of the right atrium has, however, been 
described.” '° 





Fig. 2 
surgical removal. 


The appearance of the right atrial myxoma after 
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Symptoms are said to be more variable when a 
tumour occurs in the right rather than the left 
atrium." It was, however, a striking feature of this 
patient’s history, that the symptoms were not only 
vague but also intermittent. Despite the presence 
of such a large tumour—one of the largest 
recorded’ —she could be free from symptoms 
for several weeks. As symptoms were variable and 
often relieved by lying face down on a bed, it is 
possible that they were related to reductions in 
cardiac output produced by variable right atrial 
outflow obstruction. 

Constitutional effects of atrial myxomata are 
common and include fever, anaemia, weight loss, 
increased sedimentation rate, and raised serum 
globulins.?—^ Our patient had increased erythro- 
cyte sedimentation rate and also increased alpha-2 
and gamma globulins. It may be that her amenor- 
rhoea, which lasted for five years and recovered 
after operation, was a result of a similar constitu- 
tional effect of the tumour. Though weakness and 
malaise have been described in other cases of right 
atrial myxoma, this patient's symptoms were 
present several years before when a consultant 
cardiologist had found no clinical, x-ray, or electro- 
cardiographic abnormalitie. 

To what extent her symptoms were initially 
caused by the tumour on the one hand or by her 
personality on the other, and whether her behaviour 
was entirely a result of a systemic effect of the 
tumour remain matters for speculation. Neverthe- 
less, it seems that she now leads a normal life and 
her behaviour has been normal apart from initial 
anxiety about the possibility of recurrence of the 
tumour. 
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Mycoplasma pneumoniae endocarditis / 


KISH POPAT, DAVID BARNARDO, MICHAEL WEBB-PEPLOE 


From the Departments of Medicine at Queen Mary’s Hospital, London, and St Thomas’s Hospital, London 


SUMMARY We here describe a case of presumed Mycoplasma pneumoniae endocarditis complicating 
rheumatic aortic valvular disease. We do not know of any previously reported cases. 


Since its identification by Chanock et al.) Myco- 
plasma pneumoniae (M. pneumoniae) has emerged 
as an important cause of upper and lower respiratory 
tract infections in man. However, this organism 
has been associated very rarely with disease of the 
cardiovascular system.? We report a case of pre- 
sumed M. pneumoniae endocarditis in a patient with 
rheumatic heart disease; though pericarditis and 
myocarditis have been previously described, there 
are no reported cases of M. pneumoniae endocarditis. 


Case reports 


A 21-year-old Lebanese student was admitted with 
a four days' history of general malaise, lethargy, 
sore throat, and anorexia. He gave a past history of 
acute rheumatic fever with pancarditis in 1972 
while in Kuwait. Four weeks before admission he 
had undergone dental extraction without approp- 
priate antibiotic cover, though over the previous six 
years he had intermittently received long-acting 
benzyl-penicillin (Penidural) intramuscularly as 
prophylaxis against rheumatic fever. In addition, 
he had given himself opium intravenously on 
several occasions in the months before this illness. 

Physical examination on admission revealed: 


sinus tachycardia, and a radial pulse of collapsing 
quality (blood pressure 140/40 mmHg). The apex 


mentation rate 42 mm/h. Urine examination re- 
vealed microscopic haematuria and mild proteinuria. 
'The electrocardiogram indicated left ventricular 
hypertrophy but also showed T wave inversion in 
limb leads III and aVF and praecordial leads V4 to 
V6. The chest x-ray film showed collapse and 
consolidation of the right lower lobe, a cardio- 
thoracic ratio of 14:30, with slight enlargement of 
the ascending aorta and the configuration of left 
ventricular hypertrophy. An echocardiogram 
showed features consistent with severe aortic 
regurgitation but no vegetations were seen on the 
valves: the mitral valve was reported normal though 
there were diastolic vibrations. A left ventricular 
angiogram showed a dilated, vigorously contracting 
ventricle, with an ejection fraction of 0-61, and left 
ventricular end-diastolic pressure of 6 mmHg. The 
mean cardiac output (calculated from dye curves) 
was 5:46l/min and the cardiac index 2-87 l/min 
per m?. Aortic root injection revealed severe (grade 
3) aortic regurgitation. 

Very high and rising mycoplasma titres were 
present as shown in the Table. In addition, the 
IgM antibody titre was significantly raised (Myco- 
plasma Reference Laboratory, Norwich). 

These values confirmed recent mycoplasma 
infection. Antibody titres for Q fever and routine 
blood cultures were negative. Cold agglutinins were 
not present but the serum haptoglobins were con- 








beat was displaced outside the left mid-clavicular siderably reduced (0-2 g/l), suggesting recent 
line with clinical features of left ventricular hyper- haemolysis. 
trophy. On auscultation, there was a loud and long 
(grade 3/4) early diastolic murmur of aortic regurgi- 
tation, with mitral late systolic and mid-diastolic Table: M. pneumoniae antibody. wal 
murmurs. Localised coarse crepitations were present 
at the right base posteriorly, suggesting pneumonitis. On admission Seven days 
The spleen was enlarged and tender. "m" Ln later 

Investigation showed the following: haemoglobin (1) M. pneumoniae ——————————— 
13-6 g/dl, white cell count 10 800/m? (67°, neutro- (complement fixation — 1:256 1:2048 
phils, 27% lymphocytes) and erythrocyte sedi- © “8 im pio 
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While awaiting results of blood culture and 
antibody titres intravenous treatment with 12 mega 
units of benzyl Phnicillin and gentamicin 240 mg 
daily was started and continued for six weeks. This 
was later followed by a four-week course of oxy- 
tetracycline. Considerable improvement followed 
the start of antibiotic treatment and the pyrexia 
subsided. However, aortic regurgitation worsened, 
and three months after presentation the patient 
underwent aortic valve replacement (with Carpentier 
Edwards xenograft). At operation, the aortic valve 
was found to be thickened and fibrotic, the aortic 
valve ring was dilated, and the aortic wall appeared 
normal. Microscopy of the valve cusp revealed 
organising thrombotic vegetations, though no 
micro-organisms were seen. 


Discussion 


Finkelstein and Klainer? were the first authors to 
describe the possible association of M. pneumoniae 
infection with cardiovascular disease, reporting 
three cases of pericarditis associated with clinical 
features of "atypical pneumonia". Since then, there 
have been a few single case reports of cardiovascular 
involvement with complications of pericarditis and 
perimyocarditis.! 5 The largest survey was that of 
Sands et al5 who described, between 1970 and 
1973, eight patients with acute pericarditis and 
five with perimyocarditis associated with M. 
pneumoniae infection. 

Rising antibody titres against M. pneumoniae and 
the presence of specific IgM antibody provided 
strong evidence for a recent mycoplasma infection 
in our patient. That he also had active infective 
endocarditis was suggested by microscopical hae- 
maturia, the tender enlarged spleen, and the rapid 
disintegration of his aortic valve with vegetations 
seen on valve histology. The methods of routine 
blood culture used on his admission to hospital 
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would not have grown the organism and subse- 
quently the patient was given gentamicin followed 
by oxytetracycline, thereby negating special culture 
techniques, as gentamicin has recently been shown 
to be highly effective against mycoplasma species. 

As a result of our experience, we therefore suggest 
that M. pneumoniae should be borne in mind as a 
possible source of infection when considering the 
cause of atypical infective endocarditis. 


We acknowledge the help given by Dr R M 
Perinpanayagam, consultant microbiologist to Queen 
Mary's Hospital, and that of Mr M V Braimbridge, 
cardiothoracic surgeon to St Thomas's Hospital. 
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Study of cardiac rhythm in healthy newborn infants 


Sir, 

The two papers by Southall and his colleagues! ? 
in a recent issue of British Heart Journal highlight 
the relative frequency of arrhythmias in neonates 
and children, but there are inaccuracies in the 
measurement and interpretation of several of the 
electrocardiograms which detract from the potential 
value of these papers. 

In the first paper, the measurement of the 
longest PP interval in Fig. 1, page 15, is incorrect. 
The length of this pause is approximately 1:16 s 
and not the 1580 ms quoted by the authors. Neither 
of these intervals is an exact, or nearly exact, 
multiple of the preceding or following PP intervals 
and the diagnosis of complete sinuatrial block is 
therefore difficult to support. Furthermore, the 
pause of 800 ms in Fig. 2, page 15, appears to be 
terminated by a P wave which is quite different in 
shape from the previous and subsequent P waves. 
Where such a pause is terminated by an escape 
beat from a lower pacemaker the rhythm is quite 
distinct from a 2:1 sinuatrial block. Though Southall 
et al.! have shown convincingly that sinus pauses 
are relatively common in neonates, they have not 
been precise in differentiating between the various 
forms of sinuatrial exit block and sinuatrial arrest. 

In the second article,? the rhythm illustrated in 
Fig. 2, page 24, is described as probable ventricular 
tachycardia. The first six intervals of the figure are 
quite variable, ranging from approximately 0-2 to 
0-4s, and complexes 1 to 7 are relatively narrow. 
We were unable to discern any regular P wave 
pattern throughout this trace and we suggest that 
the basic rhythm is atrial fibrillation. The run of 
broad complexes (beats 8 to 12) with regular RR 
intervals are more typical of ventricular tachycardia, 
but the wide variation of RR intervals and QRS 
complex widths seen throughout this tracing is 
consistent with atrial fibrillation. In the lower panel 
of Fig. 4, page 25, the ventricular response rate is 
at its fastest 250 a minute, rather than the 300 a 
minute indicated in the authors' legend. 

The same electrocardiogram is illustrated in both 
papers (Fig. 1, page 15; Fig. 3, page 25). We 
presume that a clerical or printing error led to this 
mistake But was this recorded from a healthy 


. H . OR. 
( neonate or from a child with complete transposition? 


Finally, we suggest that in epidemiological studies 
which make use of taped electrocardiography, a 
technique prone to artefact and error, very precise 
diagnosis should be avoided." In this context 
abnormal sinus node function, such as sinus arrest 
and sinuatrial exit block, are best classified together 
as sinus pauses. 

K Hellestrand, A J Camm, 
Department of Cardiology, 
St Bartholomew’s Hospital, 
London. 
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This letter was shown to Dr Southall and his co- 
authors who reply as follows. 


Sir, 

We thank Drs Hellestrand and Camm for their 
constructive observations and for pointing out two 
clerical errors. Fig. 1 in paper 1 is misplaced and 
is correct as Fig. 3 in paper 2 (a preoperative 
recording on a 2-year-old child with transposition 
of the great arteries). We enclose the correct 
illustration for Fig. 1, paper 1 (Fig. A). The pause 
in Fig. 3, paper 2 should be 1/80 not 1580 ms. We 
do not accept their opinion on our interpretation of 
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pauses on the egctrocardiograms and suggest they 
have misunderstood this section of our paper. 

A reliable Abacos of sinuatrial exit block or 
sinus arrest can only be made by recording poten- 
tials directly from the sinus node. Though it has 
been stated!~* that measurement of atrial potentials, 
that is PP intervals on the surface electrocardiogram, 
may be used to diagnose exit block, such measure- 
ments may be complicated by other factors. Thus, 
in electrocardiographic patterns described as 
sinuatrial block exact whole multiples of PP 
intervals may be disturbed by autonomic effects or 
by escape pacemakers whose inherent rates are 
only slightly slower than the sinus pacemaker. In 
our paper it was not the intention precisely to define 
electrocardiographic patterns of exit block or sinus 
arrest. We simply measured PP or PQ intervals and 
categorised pauses arithmetically into groups. On 
the basis of this categorisation and considering the 
effects of autonomic tone and escape pacemaker 
activity, we contend that it is impossible to differen- 
tiate on the surface electrocardiogram the pauses we 
have described, from those previously described as 
sinuatrial exit block or sinus arrest. 
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Thus the PP or PQ intervals of the pauses in 
Fig. 3, paper 2, and the new Fig. A, paper 1, both 
exceed the immediately preceding PP interval by 
more than 110 per cent. We maintain that this 
pattern cannot be distinguished on the surface 
electrocardiogram from intermittent third degree 
sinuatrial exit block or sinus arrest. Distinction 
cannot be made between sinus arrest and complete 
exit block because sinus node potentials cannot be 
seen. Drs Hellestrand and Camm state that a 
distinction could be made on the basis of a mathe- 
matical relation between PP intervals, but we 
maintain that on the surface electrocardiogram this 
argument is incorrect because of possible variations 
in autonomic tone and the high intrinsic rate of 
escape pacemakers present in this age group. 

In Fig. 2, paper 1, the heart rate preceding the 
pause is 150 per minute, and at this relatively high 
rate P wave configuration may be distorted by the 
preceding ventricular repolarisation and succeeding 
depolarisation. In addition, variation in P wave 
shape, which may be artefactual, is frequently 
present on 24-hour recordings. We agree that the 
P wave following this pause may represent an 
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escape beat rather than an impulse of sinus origin 
and that this pattern is indistinguishable from the 
patterns of complete sinuatrial block or sinus arrest 
with a P wave fortuitously occurring at between 190 
and 210 per cent of the previous PP interval. We 
enclose further examples of such pauses (Fig. B) 
which illustrate the difficulty of distinguishing 
between patterns of sinuatrial block and patterns of 
sinus arrest terminated by atrial or junctional escape 
beats. This impasse was a further reason for using 
arithmetical measurements of PP or PQ intervals 
for defining categories of pause rather than using 
established definititions with their emotive con- 
notations. 

We agree that the electrocardiographic trace in 
Fig. 2, paper 2, does not show regular P wave 
activity. The absence of regular P waves, however, 
cannot be taken as definitive evidence for atrial 
fibrillation, though this diagnosis is possible. We 
contend that the presence of broad complexes 
(beats 8 to 12) with regular RR intervals comprising 
the tachycardia and ventricular premature beats 
during sinus rhythm in the remainder of the 24- 
hour recording suggests that this electrocardio- 
graphic trace is more likely to represent ventricular 
tachycardia. We agree that in Fig. 4, paper 2, the 
fastest ventricular rate is 270 a minute for three 
complexes and 250 a minute for nine complexes. 


115 


Finally, we agree that the term ‘sinus pause" is 
appropriate for describing suddfn PP interval 
prolongation and, in fact, used fhis term in our 
summary to paper 1. We maintain that some of 
these PP interval patterns cannot be distinguished 
on the surface electrocardiogram from those 
described as exit block or sinus arrest. Such patterns 
have been said to represent abnormal sinus node 
function but their high incidence in healthy infants 
and children strongly suggests that they are normal 
findings and that other electrocardiographic criteria 
are required to define abnormal sinus node function. 

D P Southall, E A Shinebourne, 
Cardiothoracic Institute, 
London. 
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12th International Congress of Chemotherapy 


This will take place on 19 to 24 July 1981 in Florence, 
Italy. Deadline for abstracts: 15 February 1981. 
For further information write to: Secretariat, 
12th International Congress of Chemotherapy, Via 
della Scala 10, Florence, Italy, 50123—Florence. 


International Conference on Computers 


The seventh annual international conference on 
computers in cardiology will be held on 21 to 24 
October 1980 in Williamsburg, Virginia, USA. 

Correspondence regarding registration and con- 
ference accommodations should be directed to: 
Computers in Cardiology, PO Box 639, Silver 
Spring, Maryland 20901, USA. 


Association of Thoracic and Cardiovascular 
Surgeons of Asia 


The Fifth Congress of the Association of Thoracic 
and Cardiovascular Surgeons of Asia will be held 
at Hotel Taj Coromandel, Madras, from 14 to 18 
February 1981. 

For further details write to: Dr Solomon Victor, 
Secretary, Vth Congress ATCVSA, 15 East Street, 
Kilpauk Garden Colony, Madras-600010, India 


International Society and Federation of 
Cardiology: First International Lecture 

Dr Edgar Haber, Head of the Department of 
Cardiology, Massachusetts General Hospital, 
Boston, USA, will be the first International Lecturer 
of the ISFC. He will give the International Lecture 
on “immunological probes in cardiovascular disease" 
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at the Royal College of Physicians, London, at 
6.00pm on 4 December 1980, under the chairman- 
ship of Sir Douglas Black, President, Royal College 
of Physicians. 

Dr Haber will also deliver an ISFC lecture 
(sponsored by May & Baker Limited) in Edinburgh, 
under the auspices of the Department of Cardiology, 
University of Edinburgh; an ISFC lecture (spon- 
sored by May & Baker Limited) in Glasgow, under 
the auspices of the Department of Cardiology, 
University of Glasgow. 

Details will be published in due course, and may 
beobtained from: Madame Marianne de Figueiredo, 
Central Office, International Society and Federation 
of Cardiology, PO Box 117, CH-1211 Geneva 12 
(Switzerland). 


Second European Symposium on Cardiac 
Pacing 
This will take place in Florence, Italy, 4 to 6 May 
1981, and is organised by the European Working 
Group on Cardiac Pacing in co-operation with the 
Italian Pacing Association. 

For information: The Secretariat Europacing '81, 
OIC Organizzazione Congressi, Via G Modena, 19, 
50121— Firenze (Italy). 


The Second World Congress on Cardiac 
Rehabilitation 
This will be held from 30 November to 3 December 
1981 in Jerusalem, Israel. 

For further information: Secretariat, PO Box 
16271, Tel Aviv, Israel. 








Only surgery can adequately restore the 
underlying perfusion deficit in ischaemic 
heart disease. It is, of course, possible to 
lower myocardial work by reducing load 
or limiting rate or contractility, so that 
demand does not outstrip the limited 
supply of oxygen. 

There is, however, another more funda- 
mental option in the protection of the 
myocardium from the early consequences 
of ischaemia: that is to prevent calcium 
overload in the myocardial cell. 

Clinium* (lidoflazine) selectively blocks 
entry of excess calcium into the ischaemic 
' myocardial cell?’ thus preserving normal 
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(tidoflazine) 
aselective calcium antagonist that 
protects the ischaemic myocardium. 
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CARDIAC ANATOMY 

An Integrated Text and Colour Atlas 

Robert H. Anderson and Anton E. Becker 

1980 252 pages 340 colour + 40 black and 
white illustrations hardback £60.00 

A large format, high quality reference book, likely to 
remain the standard work for many years to come. 
Contains superb photographs of heart dissections 
which have been specially prepared for the book. 
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PAEDIATRIC CARDIOLOGY VOLUME 2 
HEART DISEASE IN THE NEWBORN 
Edited by M.J. Godman and R.M. Marquis 

1979 520 pages illustrated hardback £20.00 
Concentrates on cardiac problems which occur within 
the first 4 weeks of life. Contributions to this book 
deal with those conditions for which new information 
is available or current research is being carried out. 
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Edited by Gerald Graham and 
Ettore Rossi 


A full but succinct account of 
diagnosis and treatment of congenital 
and acquired heart disease in infants 
and children, written specifically for 
the paediatrician and cardiologist 

not specialising in paediatric 
cardiology. 
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205 illustrations 


Edward Arnold 


41 Bedford Square, London WC1B 3DQ 


INSTRUMENTS LIMITED 


*1 West Street, Epsom, Surrey KT17 1UZ. Tel: Epsom (03727) 28315 


Studies in Acute 
Heart Failure 


R D Bradley 


"This book is recommended to those 
who require a concise and detailed 
account of the pathophysiology of 
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understanding of this can lead to a 
more logical approach to therapy.' 
Lancet 


"This stimulating book deserves to be 
read by all who are interested in the 
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Journal of Hospital Medicine 
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Notice to contributors 


Papers relating to the heart and circulation should be 
sent to the Editor, British Heart Journal, BMA House, 
Tavistock Square, London WC1H 9JR. A stamped 
addressed envelope or an international reply coupon must 
accompany the manuscript if acknowledgment of receipt 
is desired. Submission of a manuscript will be held to 
imply that the work is original, that it has not been 
published elsewhere, and that if accepted it will not be 
published elsewhere in whole or in part without the 
Editor's permission. 

Papers should be typed on one side of the sheet only, 
in double spacing with margins of at least 4c. A 
second copy of the MS, tables, and figures should be 
sent but will not be returned to the author even if 
the paper is rejected. Papers should be concise and 
contain an informative summary, embodying methods, 
results, and conclusions. Titles of papers should be brief 
and should be typed on a separate sheet of paper 
together with authors’ names, institution where the 
work was done, and a short title for the running heads. 
The title page should list: (i) authors’ present addresses 
if these have changed, and (ii) name and address of the 
author to whom correspondence and proofs should be 
sent. If unusual abbreviations are used to avoid frequent 
repetition of complex designations then these must be 
clearly identified. Suitable acknowledgment of financial 
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Beneficial effects of long-term beta-blockade in 
congestive cardiomyopathy 


KARL SWEDBERG, AKE HJALMARSON, FINN WAAGSTEIN, 
INGEMAR WALLENTIN 


From the Departments of Medicine I and Clinical Physiology, Sahlgren's Hospital, University of Göteborg, 
Göteborg, Sweden 


SUMMARY Twenty-eight patients with heart failure caused by congestive cardiomyopathy, which had 
been diagnosed according to the criteria of Goodwin and Oakley, were treated with beta-blocking agents 
for six to 62 months, except for four patients who died within two months. Repeated non-invasive 
investigations were performed before and during treatment as well as exercise tests and chest x-rays. 
The echocardiographic and pulse curve findings indicated an improvement in systolic and diastolic 
myocardial function. The ejection fraction increased from 0-32-+0-02 to 0-42+-0-04, and the third 
heart sound amplitude and rapid filling wave were significantly reduced. The functional classification 
improved in 15 patients while in 12 patients it remained unchanged and in one it deteriorated. During 
follow-up, 10 patients died, most of them suddenly. The mortality was lower than expected in this 
severely ill group of patients. 

The beneficial effect of chronic beta-blockade in patients with congestive cardiomyopathy suggests 
that catecholamines are involved in the pathogenesis of congestive cardiomyopathy, and that patients 
with congestive cardiomyopathy may have inappropriate sympathetic cardiac stimulation which can 
be reduced by chronic beta-blockade. It is suggested that beta-receptor blockade should be added to 
conventional treatment with digitalis and diuretics in all patients with severe myocardial failure caused 


by congestive cardiomyopathy. 


Patients with congestive cardiomyopathy (COCM) 
are usually treated with digitalis and diuretics for 
relief of heart failure. The prognosis is considered 
poor when heart failure is severe despite optimal 
conventional treatment.' Temporary improve- 
ment of heart failure has been reported after very 
long periods of bed rest.5 In 1975 Waagstein et al.’ 
reported from this clinic that seven patients with 
COCM and heart failure showed improved myo- 
cardial function and exercise capacity on chronic 
beta-receptor blockade. 

'This study was undertaken to evaluate further 
the effects of beta-blockade in patients with COCM. 
Twenty-eight patients were treated with beta- 
blocking agents for six to 62 months, except four 
patients who died within two months. Their 
myocardial function was assessed before the start 
of treatment and repeatedly thereafter by standard 
non-invasive investigations at the department of 
clinical physiology including echocardiography and 
pulse curves. Since repeated assessment of cardiac 
Received for publication 13 August 1979 


function was planned in this study, invasive 
investigations were judged  unethical. Cardiac 
catheterisation was performed in only four of the 
early patients enrolled in the study. Coronary 
angiography was performed in 14 other patients, 
in each case without pathological findings. None 
of the patients included in this study had a history 
of coronary artery disease. 


Patients 


Twenty-eight patients (21 men and seven women, 
aged 16 to 60 years, mean age 46 years) were 
included in the study. All were diagnosed as having 
COCM according to the criteria proposed by 
Goodwin and Oakley,’ that is a heart muscle 
disorder with depressed systolic function without 
known cause. Patients were not included if there 
was a history of coronary artery disease or abnormal 
coronary angiography; none had a history of 
alcohol abuse or systemic disease. All patients gave 
a history of dyspnoea, its duration varying from 
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three to 172 months (median value 12 months), 
despite treatment with digitalis and diuretics. The 
details of patients are summarised in Table 1. 
'Twenty-seven of the patients entered an observa- 
tion period of at least one month, with the dosage 
of digitalis and diuretics unchanged before starting 
beta-blockade or placebo treatment. One patient, a 
16-year-old girl (case 20), deteriorated during the 
first two weeks of observation and a beta-blocker 
was given because of concern for her condition. 
The first eight patients started on beta-blockade 
immediately after the observation period and then 
were followed up regularly. Five of these patients 
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the 16 patients, placebo treatment was continued 
for three months. Two patients (cases 11 and 16) 
were given beta-blockers before the end of this 
three-month period, because of severe deterioration 
in their condition, and three others continued on 
placebo for six months to enable one to assess the 
stability of theirs. 


BETA-BLOCKER TREATMENT 

In six of the seven patients first treated with beta 
blockers the cardioselective agent practolol was 
used. It was thought on theoretical grounds that a 
cardioselective drug, with less influence on peri- 


Table 1 Patients with congestive cardiomyopathy treated with chronic beta blockade as well as digitalis and diuretics 








Case Sex Age Symptom Placebo Treatment Outcome Beta-blockade 
no. (y) duration (mth) (mth) 1 April 1978 
(mth) Initial Presentilast 
drug drugidose 
1 M 55 15 — 50 P A 100mgx2 
2 M 46 80 — 12 Death P P 100mgx2 
3 F 33 12 ~ 54 P A 25mgx3 
4 F 58 57 — 62 A M 25 mgx2 
5 M 59 46 — 30 Death P M 50mgx3 
6 M 50 23 — 47 P M 50mgx3 
7 M 60 12 ~ 25 Death P P 100mgx2 
8 M 56 7 — 42 Death P M 50mgx2 
9 M 59 64 3 15 Death A A 25mgx2 
10 M 46 10 3 37 A M 25 mgx2 
11 F 60 42 1 15 Death A A '25mgx2 
12 M 46 13 3 2 Death A A 50mgx3 
13 M 56 2i 3 37 A M 50mgx2 
14 M 59 24 3 32 A M 50mgx3 
15` F 60 li 3 32 A PR 40 mgx3 
16 M 58 160 2 31 Death A M 25 mgx2 
17 M 16 4 0 32 M M 50mgx3 
18 M 34 15 3 10 M A 100mgx2 
19 M 49 8 3 22 M PR 40 mgx2 
20 F 16 3 0 22 M M 50mgx2 
21 M 52 172 3 10 Death M A 25mgx3 
22 M 50 14 6 17 M M 50mgx2 
23 F 22 19 6 18 M M 50mgx3 
24 F 48 10 0 0-75 Death M M 50mgx3 
25 M 56 18 6 7 M M 50mgx2 
26 M 18 6 3 7 M M 25mgx2 
27 M 25 24 0 6 M M 100 mgx2 
28 M 50 6 3 6 M M 25 mgx2 





A, alprenolol; M, metoprolol; P, practolol; PR, propranolol. 





Symptom duration is until start of treatment with beta-blockade or placebo. 


were included in our previous paper. For the 
remaining 20 patients (cases 9 to 28) the intention 
was, after the initial observation period, to give all 
of them single-blind placebo treatment for three 
months before starting beta-blockade. However, 
this plan could only be followed in 16 patients. 
Four patients (cases 17, 20, 24, and 27), because their 
condition was considered to be life-threatening, 
were given beta-blockers as above and no placebo. 
The procedure allowed the placebo period to be 
prolonged if, during it, signs of haemodynamic 
improvement could be seen, as judged by the non- 
invasive investigations mentioned above. In 11 of 


pheral vascular resistance, should have advantages 
over non-selective beta-blockers, with their attend- 
ant risk of unmasking alpha-receptor-induced 
vasoconstriction. However, one of the first patients 
was treated with the non-selective agent alprenolol, 
which produced the same response as practolol did 
in the others. After this observation, alprenolol was 
given to the next nine patients enrolled in the study 
in doses varying between 25 mg three times daily 
and 100mg twice a day. Because of difficulties 
experienced in increasing the alprenolol dose, and 
also because there were three early deaths (cases 9, 
11, and 12) in this group, all patients were changed 
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from alprenolol to metoprolol treatment within six 
months. With great differences in response between 
patients, difficulties were anticipated in the evalua- 
tion of the importance of cardioselectivity and the 
last 12 patients included in the study all received 
metoprolol from the start of treatment. The usual 
initial dose of metoprolol was 25 mg a day which 
could be increased by 25 mg each day or every 
second day. In three patients (cases 17, 20, and 28) 
whose clinical condition was extremely poor, the 
initial dose was 12:5 mg a day and it was increased 
slowly, by 12:5 to 25 mg every second or third day. 
Systolic blood pressure and resting heart rate were 
measured five to six times a day, the aim of treat- 
ment being a blood pressure above 100 mmHg 
and a heart rate of 70 beats per minute. The duration 
of beta-blocker treatment, the initial drug used, 
and the final drug and dosage are given in Table 1 
for all of the patients. 


Methods 


NON-INVASIVE INVESTIGATIONS 

Investigations were performed according to a 
standard procedure in all patients, usually at the 
same time each day. Because it was possible to 
perform these investigations on several occasions 
during the follow-up period, myocardial function 
could be repeatedly assessed. Investigations in- 
cluded phonocardiograms from five standard areas, 
an apex cardiogram, pulse tracings from the carotid 
artery, jugular vein, and liver, and an echocardio- 
gram. All records, with the exception of the 
echocardiogram, were made using an eight-channel 
ink-recorder (Mingograph 81, Elema-Schónander) 
at a paper speed of 100 mm/s. The phonocardio- 
grams were recorded with an acceleration micro- 
phone (Elema-Schénander EMT 25C) fixed to 
the thoracic wall with adhesive tape. The amplitude 
of the third and fourth heart sounds was measured 
from the apical recording in the 25 or 50 Hz band 
with an amplification of 1/10, using the mean 
value of three beats. The apex cardiogram and the 
pulse tracings were all performed with a hand-held 
funnel-shaped pick-up, internal diameter 2:5 cm, 
connected to a crystal transducer (Elema-Schónan- 
der EMT 510C) by a 35cm latex tube. This 
combined system had a time constant of 1:9 to 
4-6 seconds (depending on the individual ampli- 
fication used for each curve) and a frequency 
response of at least 0-08 (at a time constant of 1-9 
seconds) to 65 Hz.? Left ventricular ejection time 
was measured from the carotid pulse and corrected 
for heart rate according to the method of Meiners.? 1° 
'This technique expresses left ventricular ejection 
time as a percentage of the normal left ventricular 
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ejection time for the actual heart rate. The apex 
cardiogram was recorded with the patient in the 
left lateral position. The “a” wave and the rapid 
filling wave (RFW) were expressed as a percentage 
of the total amplitude of the pulse curve (H). All 
measurements were calculated as the mean of 
values from at least three cardiac cycles. 

Acommercially available ultrasonoscope (Ekoscan 
30, Mediscan) was employed for echocardiography, 
using a 2-25 MHz transducer, with 10cm focus 
and a repetition rate of 1000 impulses/second. 
Before 1975, polaroid’ photographs of the time 
motion display were taken from a slave storage 
oscilloscope (Textronix 603). From 1975 a fibreoptic 
recorder was used in all investigations (Honeywell 
Visicorder 1856). 

Stroke volume was calculated from the end- 
diastolic and end-systolic volumes, derived by the 
cube method," and the ejection factor (EF) from 
the stroke volume and end-diastolic volume. The 
mean velocity of circumferential fibre shortening 
(mean Vcr) was calculated according to the method 
of Cooper et ai.,}* except that left ventricular 
ejection time in the formula was derived from the 
carotid pulse curve. 

All data were summarised in a report which 
included both the diagnosis and an evaluation of 
the severity of myocardial dysfunction. The 
diagnosis of congestive’ cardiomyopathy was based 
on the finding of a dilated left ventricle with 
symmetrically depressed systolic function, without 
hypokinetic areas to suggest coronary artery disease. 
The severity was assessed by a combination of 
direct measurements of pump function (EF and 
mean Ver), and indirect evidence of forward and 
backward failure. 

The principles used in assessing the degree of 
myocardial dysfunction are based on earlier 
experience and are described below. In mild to 
moderately severe myocardial dysfunction, with 
left ventricular end-diastolic diameter (LVEDD) 
around 5:5 to 7-0 cm, EF 0-40 to 0:60, and mean 
Vcr 0/70 to 1:00, pump function seems to be 
adequate, at least at rest, and there are often no 
signs of disturbed diastolic function. In more 
severe cases of congestive cardiomyopathy with 
LVEDD between 7 and 10cm, EF <0-40, and 
mean Vcr < 0-70, diastolic function is also disturbed 
to a varying degree. At this stage, signs of decreased 
distensibility and backward failure occur. When 
the left ventricle is resistant to filling because of 
wall and/or volume stiffness, the most important 
compensatory mechanism is a strengthening of 
atrial contraction producing an increased atrial 
contribution to diastolic inflow. This increased 
atrial contraction produces a pathological fourth 
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heart sound and an a/H ratio>15 per cent, and a 
moderate enlargement of the left atrial antero- 
posterior diameter frequently occurs. In most cases 
of severe COCM, however, this compensatory 
increase in atrial contraction is not sufficient to 
create an adequate stroke volume. With decreasing 
stroke volume, the left ventricular ejection time 
falls below 90 per cent. If cardiac output then 
becomes inadequate, signs of stasis and backward 
failure appear as a third heart sound, a pathological 
rapid filling wave in the apex cardiogram, a rein- 
forced pulmonary component of the second heart 
sound, and, sometimes, dilatation of the right 
heart with signs of tricuspid regurgitation in the 
jugular and hepatic tracings. At each level of 
decompensation complementary findings are seen 
by the different techniques and the degree of 
decompensation can thus be established by several 
criteria. For example, the pulmonary and tricuspid 
valve movements usually change in pulmonary 
hypertension and the mitral valve motion mirrors 
different degrees of obstruction to ventricular 
filling, supporting the evidence of the diastolic 
extra sounds and the shape changes of the apex 
curve. With a severe degree of backward failure 
the left atrium dilates further, but, as the contractile 
force usually diminishes, the fourth heart sound 
and the a/H ratio may return to normal. This is in 
these cases a pathological change. In contrast, if 
myocardial function improves, with less distension 
of the left atrium, pathological values may reappear. 
When the left ventricle is severely dilated with an 
LVEDD of about 8 to 10cm, secondary mitral 
regurgitation usually occurs. Since the resistance 
to ventricular emptying then falls because of 
regurgitation into the left atrium, this can result in 
an increase in the EF and mean Ver, giving a false 
impression of improved systolic myocardial function. 
Changing degrees of mitral regurgitation are a 
real problem in the evaluation both of different 
patients and in the longitudinal follow-up of single 
individuals. If, for example, the patients respond 
to treatment and the degree of mitral regurgitation 
decreases or disappears, the EF and mean Vcr 
may decrease giving the impression of deteriorating 
myocardial function. The EF and mean Vcr can 
therefore be misleading if used in isolation and 
must be complemented by measurement of LVET 
and the whole battery of signs of backward failure to 
be properly interpreted in cases of severe cardio- 
myopathy. 


EXERCISE TESTS 

Dynamic exercise was performed seated, using an 
electromagnetically braked bicycle (Siemens-Elema 
AB). The workload was increased by 20 watts every 
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two minutes until exhaustion or haemodynamically 
important arrhythmias developed. The electro- 
cardiogram was recorded continuously through 
chest-head leads. Blood pressure was measured by 


the cuff method. Work-pulse was calculated 
according to the equation: 
Workload (watt) x 60 = joulés/beat 


Heart rate/minute 


INVASIVE INVESTIGATIONS 

Only four of the patients (cases 1, 2, 6, and 7) were 
catheterised as part of the clinical evaluation before 
and during beta-blockade. As repeated investiga- 
tions were planned, non-invasive techniques were 
used thereafter. Catheterisations were performed 
at rest in the supine position without premedication. 
Pulmonary pressures were recorded by a Cournand 
catheter and arterial pressures by a polyethylene 
catheter in the brachial artery. Pressures were 
recorded through Statham 23 Db transducers and 
Honeywell amplifiers and registered on ultraviolet 
paper. The reference level was 5cm below the 
sternum. Cardiac output was determined by the 
direct Fick principle or by the indicator dilution 
technique. Selective coronary and left ventricular 
angiograms were performed in 14 of the older 
patients and all coronary angiograms were normal. 


STATISTICS 

Comparison before and during treatment has been 
made with Student’s t test for paired observations. 
In the text the mean values +SEM are given. 


Results 


CLINICAL FINDINGS 

Twenty-eight patients were studied before treat- 
ment, and with up to 62 months of chronic beta 
blockade. As can be seen from Table 1, the duration 
of symptoms before treatment varied from three to 
172 months. The treatment period equalled or 
exceeded six months in 24 patients, and was shorter 
than this in four patients who died early. In all 
patients, a low dose of a beta-blocking agent was 
given initially because of the risk of inducing heart 
failure. The maintenance doses used are shown in 
Table 1. 

From Table 2 it can be seen that, in terms of 
functional group, 15 patients improved, 12 were 
unchanged, and one patient deteriorated. The 
improvement seen was not related to the patients’ 
initial functional group nor to the duration of pre- 
treatment symptoms. A very pronounced improve- 
ment occurred in cases 1, 4, 10, 16, 17, 20, and 22, 
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Table 2 Functional grouping according to New York 
Heart Association criteria before and during treatment 
with beta-blockers 











Case Functional Months after start of beta-blockade 

no. group ———— 
1 3 6 12 18 24 36 

1 IV HI II IH II II II II 

2 III WW It t 

3 III H1 WW iW II II IW II 

4 III W III II II II II II 

5 IV Wm Inm nmn IW ID mg] rt 

6 II ig IN nn Ig I IV II 

7 III HI II Wr II II IH t 

8 III Hi mn mI rm II I HI 

9 IIl II + 

10 III Iv II II I I I II 

11 IV t 

12 III IH t 

13 III HI II II II II H II 

14 III II II II II II I II 

15 III HI rr II II IU EI II 

16 IV Hr Wr II II II I t 

17 IV IH IH I II Ir I 

18 Ii II Wr II mM 

19 HI IM UI II II [II 

20 IV ni II I I I 

21 III m I IE f 

22 III Il II II I I 

23 II II I I 

24 III * 

25 III Wr II II 

26 III Hl II H 

27 IV I II I 

28 IV WW II IH 

+ = dead. 


and five of these returned to full-time work (cases 
10, 16, 17, 20, and 22). Three of the patients 
showed a dramatic improvement (cases 1, 17, and 
20) in their clinical condition, and two of those 
(cases 17 and 20) are described in detail in the case 
reports while case 1 is described elsewhere.!? 

During the follow-up period 10 patients died, 
seven of them without showing clinical deteriora- 
tion after the start of beta-blockade (cases 2, 7, 8, 9, 
12, 21, and 24; Table 2). Two patients died after 
their clinical condition had improved as a result of 
more than two years' treatment (cases 5 and 16). 
One patient deteriorated gradually after the start of 
beta-blockade, treatment was discontinued after 
five weeks, and she died one week later (case 11). 
In none of the other nine patients was the addition 
of beta-blockade to their conventional treatment 
considered to have increased their cardiac de- 
compensation. Seven of the patients died sudden- 
ly and three died from cardiac decompensation. 
Four of the 10 patients died within three months 
of starting beta-blockade, and three of these died 
suddenly (cases 10, 12, and 24). 


Case reports 


The clinical course is illustrated by the following 
three cases. 
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CASE 17 

This was a 16-year-old boy who developed a throat 
infection in March 1975. He recovered in a week 
but 10 days later he again became febrile and a 
chest x-ray showed cardiomegaly (800 ml/m?) and 
bronchopneumonia. He was treated with digoxin 
and frusemide at another centre for one month. 
Repeated blood cultures were negative and his 
fever disappeared in a few days. 'The patient's 
clinical condition remained unchanged during the 
first month as did his cardiac enlargement. He was 
readmitted to the hospital three-and-a-half months 
after the first admission, giving a one-week history 
of increasing exertional dyspnoea and gastro- 
intestinal discomfort. He was referred to our 
hospital 10 days later, four months after cardio- 
megaly was first noted. On admission he was 
breathless at rest. Auscultation showed a third 
heart sound, gallop rhythm, and an apical systolic 
murmur. The blood pressure was 110/80 mmHg 
and the heart rate 120 beats/min. Investigations 
(Table 3) gave the following results: LVEDD 
8:3 cm, EF 0-16, LVET 73 per cent, a loud third 
heart sound, and much increased rapid filling wave 
ratio. Cardiac volume was 950 ml/m?. Over the 
following week his condition deteriorated with 
increasing dyspnoea, peripheral cyanosis, and 


. hypotension, and treatment with metoprolol 10 mg 


three times a day orally was started in addition to 
the digoxin and frusemide. Over the following 
days, his heart rate decreased from 110 beats/min 
to 85 to 90 beats/min and the blood pressure 
increased to 110/90 mmHg. However, nocturnal 
dyspnoea persisted during this time. During the 
second week, the metoprolol dose was slowly 
increased to 25mg three times a day, and the 
patient’s clinical condition improved gradually 
thereafter, with reduced dyspnoea. After seven 
weeks he was taking 125 mg a day of metoprolol 
and investigations indicated a slight improvement, 
with EF 0-25 and diminished extra sounds but 
unchanged LVEDD of 8-2 cm. Over the following 
months, the patient was able to resume work at 
his father’s farm. Repeated investigations six 
months later showed a further improvement in 
myocardial function. The LVEDD had decreased 
to 7-5 cm, and the EF was 0:37. The LVET was 
85 per cent and there were faint extra sounds but 
the apical systolic murmur remained. The cardiac 
volume at this time was 650 ml/m?. The patient 
was able to work to up to 160 watts on a bicycle 
ergometer. This improvement continued and one 
year after the start of beta-blockade the patient was 
in full-time work at the farm. A further investiga- 
tion two-and-a-half years after the start of treatment 
(Table 3) disclosed an LVEDD of 8:2 cm, an EF 
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Table 3 Results from first non-invasive investigation before (C), and last investigations during (B) beta-blockade in 


28 patients with congestive cardiomyopathy 





ESE €i ——s 
Case LVEDD EF Mean Ver LA size LVET 3rd heart sound 4th heart 
no. (cm) (circ]s) (cm) (96) (mm) sound (mm) 
C B C B C B C B C B [e] B c 
1 62 48 0:21 0-68 ? 0:56 45 45 75 88 21 2 23 0 
2 67 56 ? ? ? ? 5-0 43 70 77 28 2 F F 
3 84 97 0:29 0:35 ? 0:72 39 46 80 90 0 2 3 0 
4 70 57 ? 0:65 ? 1.15 50 3-9 85 95 19 0 3 2 
5 — 68 — 0:35 — ? — 53 — 80 — 2 — 0 
6 80 100 ? 0-32 ? 0-44 5-0 5-0 87 93 ? 0 li 2 
7 90 82 0-29 0-63 0-63 ? 49 ? 67 80 20 4 ? 0 
8 64 82 ? ? ? ? 48 5-0 90 100 3 3 0 3 
9 9:0 — 0:18 — 0-41 — 52 — 83 — 3 — F — 
10 67 71 0-46 0-46 0°80 0:83 49 48 85 88 6 2 F F 
11 71l — 0-28 — 0:45 — 3-9 — 95 — 6 — 3 — 
12 T3 — 0:23 — 0-40 — 45 — 83 — 3 — 3 _ 
13 8-0 72 0:24 0-58 0:36 0-55 48 5-0 87 95 0 0 i 0 
14 61 61 0:31 0:52 0:56 0-77 43 46 80 80 12 5 F F 
15 60 60 0-49 0-65 0-67 0-95 44 40 100 105 2 2 4 1 
16 68 69 0-54 0-54 1:12 0-76 5.8 6:0 72 85 9 4 F F 
17 83 82 0-16 0-50 0-27 0-69 42 38 73 90 5 0 8 3 
18 66 7:0 0-48 0-40 0:87 0:52 52 3-0 83 82 8 21 9 2 
19 72. "4 0-45 0-40 0-50 0:56 5-6 5:8 84 90 6 2 2 0 
20 70 52 0-42 0:53 0:74 0-80 43 33 85 95 39 2 ? 0 
21 8-0 TO 0-25 0:31 0:60 0-50 54 68 88 77 6 12 F F 
22 73 67 0:32 0-50 0-49 0-80 38 40 88 90 4 0 0 0 
23 66 63 0:34 0-56 0-48 0-85 3:4 31 86 90 0 0 0 0 
24 TA — 0-30 — 0-87 — 55 — 66 — 10 — 3 — 
28 92 89 0:33 0-40 0-54 0-61 52 44 83 90 9 1 7 3 
26 Ti 72 0:35 0-36 0-60 0-53 55 60 88 95 6 0 24 4 
27 8:0 T4 0:36 0:27 0-54 0-47 70 T4 95 85 12 27 0 4 
28 8&0 72 0:26 0-48 0-54 0-83 44 5:8 70 73 0 0 10 3 





LVEDD, left ventricular end-diastolic diameter; EF, ejection fraction; LA, left atrium; LVET, left ventricular ejection time; 


RFW, rapid filling wave. 


of 0-50, and LVET of 90 per cent, a faint third 
heart sound, and an apical systolic murmur. The 
patient had a normal working capacity. 


CASE 20 

This was a 17-year-old girl who had had bronchial 
asthma since childhood. Despite this, she had 
worked as a groom for 10 months, and was receiving 
treatment with terbutaline by inhalation. For three 
months before admission, she had suffered from 
increasing exertional dyspnoea, and for the last 
month from epigastric discomfort. On admission 
in May 1976 she was dyspnoeic but without 
peripheral oedema or pulmonary rales. There was 
significant hepatic enlargement. On auscultation a 
third heart sound and a weak apical systolic murmur 
could be heard. The heart rate was 140 beats/min 
(LVEDD 7-1 cm, EF 0-35, LVET 55%). Treatment 
with digoxin and frusemide was started. Five days 
later the patient’s condition had improved but she 
was still in functional group IV. Investigations 
(Fig. 1; Table 3) showed an LVEDD of 7:0 cm, 
an EF of 0-42, an LVET of 85 per cent, and a loud 
third heart sound, an increased RFW/H ratio, and 
a weak mitral regurgitation murmur. One week 
later her condition was unchanged. Cardiac 


catheterisation showed an arterial pressure of 80/ 
57 mmHg, a pulmonary artery pressure of 42/26 
mmHg, and a wedge pressure of 27 mmHg. The 
cardiac index was 1-7 l/min per m? and the stroke 
index 17 ml/m?. After metoprolol 10 mg intra- 
venously, cardiac output decreased acutely from 
2-7 to 2-llitres while pressure recordings were 
essentially unchanged. 

Treatment with metoprolol 12-5 mg orally three 
times a day was started, the dose being increased to 
125 mg daily within two weeks as her clinical 
condition improved. The heart rate was 100 to 
110 beats/min during this period. Repeated investi- 
gations showed a much reduced third heart sound 
but otherwise unchanged results. During the next 
month there was a steady improvement in her 
condition, with diminished dyspnoea and heart 
rate and an increased blood pressure. Frusemide was 
withdrawn. Two months after the start of beta 
blockade the patient could manage ordinary 
activities without distress. Investigations at this 
time showed an LVEDD of 6:4 cm, an EF of 0:48, 
a much reduced third heart sound and RFW/H 
ratio, and no apical murmur. One month later she 
was free of exertional dyspnoea and resumed work. 
Her asthma was controlled without difficulty on 
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RFW/H ratio — alH ratio Mitral regurgitation 

(95) (90 

C C C B 

17 10 10 10 Yes No 

19 0. F F Yes No 

18 6 26 14 Yes Yes 

37 4 10 10 No No 

— 9 ~ 12 No — QNot investigated 
| before) 
39 [U 53 18 ? No 

14 5 ? ? Yes Yes 

ll 4 32 34 Yes Yes 

13 — F — Yes — (Died) 
15 3 F F No No 

16 — 30 — Yes — (Died) 
16 — 48 — No — (Died) 
— ~ — — No No (Apex curve not 

obtained) 
12 2 F F No No 
8 8 14 12 No No 

15 2 F EF Yes Yes 

16 0 33 il Yes Yes 

10 8 20 20 Yes Yes 
^3 6 14 23 Yes No 

33 16 23 5 Yes No 

30 31 F F Yes Yes 

8 0 8 0 No No 

10 0 18 4 Yes No 

lio — 22 — No = (Died) 
10 0 14 10 Yes Yes 

34 24 23 28 Yes Yes 

49 58 18 26 Yes Yes 

18 7 45 29 Yes Yes 





three daily puffs of terbutaline, while she was 
taking metoprolol 50 mg twice daily. One-and-a-half 
years later she was considered to be in functional 
group I. Investigation at this time (Fig. 2; Table 3) 
showed an almost normal systolic myocardial 
function with an LVEDD of 5:2 cm, an EF of 0-53, 
an LVET of 95 per cent, a normal left atrium of 
3:3 cm, and no pathological extra sounds. 


CASE 24 

'This was a 48-year-old woman who was well until 
January 1976 when she developed exertional 
dyspnoea and peripheral oedema. The cardiac 
volume was 650 ml/m?;: She was treated with 
digoxin and frusemide, and her dyspnoea increased 
slowly. She was referred to this centre in September 
1976. Investigations showed an LVEDD of 7-1 with 
mechanical alternans, an EF of 0:12 and 0:35 in 
alternate beats, an LVET of 65 per cent, and loud 
extra sounds. She was admitted to our hospital on 
27 September. On admission she had no dyspnoea 
atrest but could not walk even on the flat. Ausculta- 
tion showed a tachycardia of 120 beats/min, third 
and fourth heart sounds, but no systolic murmur. 
The blood pressure was 130/90 mmHg and the 
heart size 760 ml/m?. Investigations showed (Table 
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3) an LVEDD of 7-4 cm, an EF óf 0:20 with tiny 


.contractions, and an LVET of 66 per cent. She 


was considered to have very severe COCM. Cardiac 
catheterisation showed a heart rate of 122, an 
arterial pressure of 128/100 mmHg, a pulmonary 
artery pressure of 59/35 mmHg, and a right atrial 
pressure of 16 mmHg; the cardiac index was 1:6 1/ 
min per m? and stroke index 13 ml/m?. After 15 mg 
metoprolol intravenously, the corresponding pres- 
sures were 108/83, 47/30, and 14mmHg, the 
cardiac index was 1:3, and the stroke index 12. 
She was therefore given metoprolol orally 25 mg 
twice daily in addition to digitalis and frusemide. 
A distinct improvement was noted with a reduction 
in her dyspnoea. The blood pressure was un- 
changed, the heart rate decreased to 90 to 100 
beats/min, and the extra sounds became much 
quieter. The metoprolol dosage was increased to 
50 mg twice daily, and the patient improved further 
so that she could walk freely without discomfort. 
On 20 October she developed left-sided chest pain 
and was noted to have a temperature for two days. 
She showed no clinical signs of heart failure there- 
after. 

Nine days later the patient was found dead. 
Necropsy disclosed a dilated heart of 550 g. The 
coronary arteries showed no stenosis and there 
were no signs of myocardial ischaemia. Two small 
pulmonary emboli were found. 


Non-invasive findings 


Forty-six studies were performed before, and 53 
after, the start of beta-receptor blockade in 23 
patients. Four patients were not reinvestigated 
before they died (cases 9, 11, 12, and 24) and one 
patient (case 5) was not investigated before the 
start of treatment. The observation period was 
divided into four parts; 1 to 6, 7 to 12, 13 to 24, 
and greater than 24 months after the start of beta 
blockade. If a patient underwent more than one 
investigation during the same period, the mean 
values were taken. 'T'he results are shown in Fig. 3 
and 4. 

From Fig. 3A and Table 3 it can be seen that the 
LVEDD decreased in 12 patients. In three patients 
the LVEDD increased (cases 2, 6, and 8), and in 
11 patients it remained essentially unchanged. The 
EF (Fig. 3B) increased in 10 patients, decreased 
slightly in three (cases 18, 19, and 27), and was 
unchanged in five. The overall increase in the EF 
during the first six months was 0:32 +0:02 to 0-42 
+0-04 (p« 0-05). In the seven patients in whom 
the EF could be measured before and after two 
years of treatment, it increased from 0-31 +0-05 to 
0-52 40:05 (p«0-01). The mean Vcr was calcu- 
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lated before and’ after the start of treatment in 16 
patients. As can be seen from Fig. 3C an increase 
occurred in seven patients and a decrease in two 
(cases 16 and 18) while in seven patients it remained 
unchanged. The LVET increased in seven patients, 
decreased in two (cases 21 and 27), and remained 
unchanged in the others (Fig. 3D). 

The amplitude of the third heart sound, measured 
from the apical phonocardiogram, decreased in 
most patients (Fig. 4A). However, three of the 
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patients (cases 18, 21, and 27) showed an increase. 
Overall, the amplitude of the third heart sound 
decreased from 1142 to 5+1 mm (p «0:02) and 
the amplitude of the fourth heart sound showed 
similar changes, with a decrease in 12 patients and 
an unchanged or increased amplitude in four 
patients (Fig. 4B). The RFW/H ratio decreased 
significantly overal in all observation periods 
(Fig. 4C). During the first six months the RFW/H 
ratio decreased from 19+3 to 1044 per cent 








Fig. 1 (A-E) Recordings from case 2 (case 20 in Tables) 
before start of beta-blockade. 

LA, left atrium; LV, left ventricle; LVET, left 
ventricular ejection time; RFW, rapid filling wave; 

III, third heart sound (see text). 
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(p <0-01). Only one patient showed an increase 
during this time (case 27) and two patients had 
essentially unchanged RFW/H ratios (cases 15 
and 21). The a/H ratio decreased significantly 
during the first six months (p < 0:05). Two patients 
showed an increase in the a/H ratio (cases 19 and 
27) and in five patients it was unchanged (cases 1, 
4, 8, 18, and 26) (Fig. 4D). 
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The pronounced improvement in the EF was 
related to a reduction of the third heart sound 
amplitude or the RFW (cases 1, 7, 16, and 17). 
In most cases, the LVET increased at the same 
time. The increase in the EF was, in most cases, 
related to a reduction of LVEDD. In some cases 
this reduction was not observed, indicating a 
change in the degree of mitral regurgitation (case 
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Fig. 2 (A-E) Recordings from case 2 (case 20 in 
Tables) one-and-a-half years after start of beta-blockade. 
Abbreviations as in Fig. 1 (see text). 
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Fig. 3 (A-D) and 4 (A-D) Haemodynamic variables before and during treatment with beta-blockers. The 

treatment period is divided into four parts: 0 to 6, 7 to 12, 13 to 24, and >24 months. Each period is represented by 
a vertical line. Investigations performed during a period are shown by a dot on that line. If more than one investigation 
was carried out, the mean values are shown. Values for each individual patient are connected. The upper part of each 
figure shows patients who have increased values, the lower part patients who have decreased values for each variable. 
Patients with unchanged values lie in between. On the right are the case numbers referring to Table 1. The position of 
the number corresponds to the dots on the left vertical line. For exact values, see Table 3. 
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17). The third heart sound amplitude and the RFW 
always showed corresponding changes. A reduction 
of these variables correlated with an improvement 
in the clinical condition and this occurred usually 


. in the first two weeks. This correlation can be 


seen in the comparison of changes in functional 
groups (Table 2 and Fig. 4A-D). In three patients 
(cases 18, 21, and 27) the EF and LVET were 
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either unchanged or reduced and the third heart 
sound and RFW increased. Cases 18 and 21 
complained of gastrointestinal discomfort and 
showed poor motivation for treatment. They had 
no problems with the medication during inpatient 
treatment, but their compliance as outpatients was 
questionable. Case 27 deteriorated during the first 
four months on metoprolol 50 mg twice a day. On 
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investigation four months after the start of beta- 
blockade, the third heart sound had increased to 
50 mm and the RFW/H ratio to 110 per cent (sic) 
while the EF was reduced from 0:29 to 0-19. 
The patient’s clinical condition became critical and 
he developed severe peripheral oedema which did 
not respond to increased doses of frusemide. In 
desperation, the metoprolol dosage was increased 
to 100mg twice a day. The patient improved 
dramatically in the following two weeks, peripheral 
oedema and dyspnoea at rest disappearing. Further 
investigation showed that the third heart sound 
was then reduced to 5mm and the RFW/H ratio 
to 6 per cent. The mean values for the last two 
studies, both performed within six months of the 
start of beta-blockade, are shown in Table 3 and 
Fig. 3 and 4. The figures do not illustrate the 
observed changes in this patient. 

` The relation of heart rate to the other variables 
in Fig 3 and 4 was analysed. Mean values from all 
studies before and during treatment have been 
used. No correlation was found between the reduc- 
tion in heart rate induced by beta-blockade and 
changes in EF, LVET, RFW/H, or a/H ratios. 
Before treatment there was a weak correlation 
between heart rate and third heart sound amplitude 
(7220.59; n—22) but this disappeared during 
treatment. The reduction in third heart sound 
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Fig. 5 (A) Radiological heart 
volume in ml[m? before and 
during treatment with beta 
blockers. (B) Maximum workload 
(watts) before and during 
treatment with beta-blockers. 
The upper part of each figure 
shows patients who have increased 
values; the lower part, patients 
who have decreased values. 
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amplitude correlated weakly with the heart rate 
change (r=0-59) (Fig. 6). 


HEART VOLUME 

Chest x-ray film was taken in all patients before 
and in 21 patients during beta-blocker treatment. 
The heart volumes are shown in Fig. 5A. The 
volume decreased significantly in eight patients, 
with a distinct increase in three patients. The 
remaining 10 patients showed no definite changes. 
In the two patients with the largest hearts, a 
distinct reduction was seen. 


EXERCISE TESTS 

Dynamic exercise tests were performed in 22 
patients before the start of treatment. Four patients 
were bed-ridden and were not exercised at this 
time, but two were investigated during follow-up. 
'The pretreatment load was arbitrarily recorded as 
40 watts, which was the lowest corresponding value 
from the other patients. The 13 patients in the 
upper part of Fig. 5B increased their exercise 
capacity from 91 +12 to 117 +10 watts (p < 0-01). 
'ÜThe post-exercise heart rate was significantly 
lower at six months (p«0-01) The work pulse 
after exercise increased by 19 per cent, from 37 +3 
to 43+3 joules/beat (p«0-02). Systolic blood 
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pressure showed no significant changes during rest 
or exercise. 


Invasive investigation 


Mainly non-invasive techniques were used in this 
study for the diagnosis of COCM and assessment 
of the severity of the disease and the results of 
treatment. However, in four of the first patients 
treated, cardiac catheterisation was performed on 
two occasions, separated by an interval of two to 
13 months (cases 1, 2, 6, and 7). These investiga- 
tions formed part of the routine clinical assessment 
and were not related to the study design. The 
results, however, support the findings from the 
non-invasive investigations (Fig. 7). Cardiac output 
increased in three of these four patients and this 
was especially pronounced in case 1 who showed 
an increase from 1-9 to 5-1 l/min. The heart rate 
was reduced in all patients but one. The stroke 
volume increased conspicuously in three of the 
patients and pulmonary artery diastolic pressure 
was reduced in three. A distinct reduction in 
systemic vascular resistance was seen in case 1, 
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in whom the most obvious increase in cardiac 
output occurred. The brachial artery and systolic 
blood pressure increased in all patients. 

In nine patients left ventricular angiography and 
echocardiography were performed within a space 
of one week. The EF calculated from these investi- 
gations correlated well (r —0-92) (Fig. 8). 


Discussion 


All the patients in this study were diagnosed as 
having congestive cardiomyopathy, according to 
the criteria proposed by Goodwin and Oakley.’ 
Coronary artery disease was excluded by history, 
and by coronary angiography in 14 patients. The 
diagnosis and the assessment of the severity of the 
disease were based upon a series of non-invasive 


"investigations which included phonocardiograms, 


apex cardiograms, pulse curves from the carotid 
artery, jugular vein, and liver, and echocardiograms. 
'The advantages of this non-invasive programme 
were that it gave information on the severity of 
myocardial dysfunction and that it could be 
repeated several times during follow-up. Measure- 
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Fig. 6 Relation between heart rate and amplitude of third heart sound, before (O) and during (@) treatment with 
beta: blockers. The left-hand side of the figure shows absolute changes, and the right-hand side shows changes in heart 
rate and third heart sound amplitude during treatment compared with control values. Values during treatment are 
mean values of all observations. Interrupted lines refer to patients with atrial fibrillation. 
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ment of the variables LVEDD, EF, mean Ver, 
LVET, third and fourth heart sounds, “a” wave, 
and RFW/H made it possible to grade myocardial 
dysfunction, allowing the identification of sub- 
groups within this population of patients with 
generalised left ventricular myocardial disease. Of 
the 28 patients included in this study, 24 were 
considered to have severe myocardial dysfunction, 
and four less severe dysfunction. It is known that 
the prognosis is poor for patients with COCM and 
symptoms of heart failure despite optimal treatment 
with digitalis and diuretics. The mortality in the 
24 patients with severe failure was 17, 34, and 48 
per cent after one, two, and three years, respectively. 
In a comparable group of 13 patients with COCM 
who were treated at this centre without beta 
blockers, the mortality was 54, 81, and 90 per cent . 
after one, two, and three years, respectively.'4 It is 
known that survival of patients with heart disease 
is generally related to myocardial function, and the 
prognosis worsens with increasingly severe heart 
failure.? 15-1” It is therefore possible that an 
improvement in myocardial function with chronic 
beta-blockade could improve the prognosis. Another 
possible protective effect might be by prevention 
of ventricular fibrillation. It is known from animal 
experiments that, at least in ischaemic heart disease, 
beta-blockers reduce the incidence of ventricular 
fibrillation. In three studies in postinfarction 
patients, improved survival has been reported 
with beta-blockers given for two years after the 
acute illness.1?7?! The effects of beta-blockade 
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on myocardial function, however, were not 
investigated in any of those studies. Beta-blockade 
might prevent sudden cardiac death through 
mechanisms quite independent of any effect on 
myocardial systolic function. 

In this study 28 patients were treated with beta- 
blockers for six to 62 months except for four 
patients who died within two months. All patients 
also received unchanged or reduced doses of 
digitalis and diuretics during this treatment period. 
It was necessary to introduce beta-blockade slowly 
as otherwise dyspnoea tended initially to increase. 
As assessed by the clinical findings, myocardial 
function improved in 15 patients, while in 12 it 
remained unchanged and in one it deteriorated. All 
eight patients in functional group IV (New York 
Heart Association criteria) had pronounced capacity- 
limiting dyspnoea. One patient died from progres- 
sive cardiac failure, despite withdrawal of treatment, 
whereas myocardial function was improved in the 
others as assessed by non-invasive investigations 
and clinical evaluation. The improvement was most 
obvious during the first month. Three of these 
patients, initially in functional group IV, went 
back to work. Of the patients in functional group ITI, 
seven were much improved by treatment while 11 
were unchanged and one deteriorated. The 
observations from this study are in agreement with 
the results in seven patients reported earlier. In 
the 16 patients given placebo before the start of 
treatment, myocardial function was either un- - 
changed or deteriorated. The improvement [of 
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Fig. 8 Ejection fraction calculated from left ventricular 
angiograms and echocardiograms, In each patient the 
investigations were performed within one week. 


myocardial function which occurred after the start 
of beta-blockade was very clear and cannot be 
considered to be a spontaneous change independent 
of treatment. The response to beta-blockade was 
very variable and it was not possible to predict the 
effects of treatment from initial clinical findings or 
investigations. The results of the pilot study? 
suggested that patients with a higher heart rate 
responded better to beta-blockade. This was not 
confirmed in this study. The reduction of heart 
rate did not correlate to the change in EF, LVET, 
RFW/H, or a/H ratios. However, patients with 
severe heart failure usually do have a tachycardia. 
If it is myocardial disease per se that is influenced 
by beta-blockade, the selection of patients by heart 
rate could be misleading. Patients with an LVEDD 
7 cm have a lower one-year mortality if treated 
with the addition of beta-blockade than those with 
conventional treatment. It seems that in most 
patients the beneficial effects of beta-blockade occur 
within one to three months of the start of treatment, 
and that the improvement is stable thereafter. Some 
patients, however, continue to improve for a longer 
time (cases 1, 17, and 20). The improvement of 
myocardial function produced by beta-blockade 
was shown in this study as an improvement of 
functional class and exercise capacity, and by the 
improved results of non-invasive investigations. 
Systolic as well as diastolic myocardial function 
improved, and the changes included a reduction of 
LVEDD, an increased EF and LVET, a reduced 
amplitude of third and fourth heart sounds, and a 
reduction in the rapid filling wave and “a” wave. 
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An increase in LVET, EF, and mean Vey repre- 
sents an improvement in myocardial systolic func- 
tion. As mentioned earlier, the degree of secondary 
mitral regurgitation is important for the evaluation 
of EF and mean Vcr. An increase in these variables 
can occur with increased mitral regurgitation but 
indicates improved myocardial systolic function in 
combination with an increase in LVET and/or the 
disappearance of an apical systolic murmur. 
Changes in heart sounds, the rapid filling wave, 
and the “a” wave corresponded to changes in left 
ventricular distensibility induced by beta-blockade. 
Changes in the third heart sound and RFW were 
frequently related and were useful early indicators 
of the therapeutic effect. It has been reported that 
beta blockade in patients with ischaemic heart 
disease causes an increase in left ventricular disten- 
sibility as well as increased left ventricular end- 
diastolic volume.? In this study, however, there 
was no increase in LVEDD. In contrast, it often 
decreased, with signs of improved diastolic function. 
The improvement in cardiac function and in the 
patients’ general condition with beta-blockade 
could not be explained on the basis of spontaneous 
improvement in selected subjects. All patients 
referred to this centre suspected of having COCM 
have been investigated and all those in whom the 
diagnosis was confirmed were included in the study. 
Only patients with evidence of grossly impaired 
myocardial function (generally in functional group 
III or IV, according to the New York Heart 
Association criteria) were given chronic beta- 
blocker treatment. In a separate study,!? the effect 
of withdrawal of beta-blockade has been investigated 
in 13 of the patients reported here. It was found 
that withdrawal of treatment caused a deterioration 
of myocardial function and in several of the 
patients led to a distinct exacerbation of their 
symptoms. This strongly supports the view that 
the improvement seen in the patients in this study 
is related to the beta-blocker treatment. 
Phaeochromocytoma may induce cardiomyo- 
pathy with heart failure,? ? clearly showing a 
connection between high concentrations of catechol- 
amines and this condition. In the treatment of these 
patients, beta-blocking agents are used to protect 
the myocardium from the influence of catechol- 
amines until the tumour is removed sugically.** 
Furthermore, prolonged bed rest has been found 
to cause an improvement in patients with COCM 
after three to 12 months;? possibly because bed rest 
causes a reduction of cardiac work and a lower 
level of sympathetic activity. If this is the case, 
similar mechanisms may be involved in the 
beneficial effects of long-term bed rest and chronic 
beta-blockade. Animal experi nts have shown 
= 








x {£ 


A ag Or ` 
E x 


i (. 3f 


moli 
e | 






132 


that the spontaneous hereditary congestive cardio- 
myopathy of Syrian hamsters can be counteracted 
by beta-blockade.?5 2’. Long-term treatment of rats 
with catecholamines has been found to cause diffuse 
myocardial degeneration as well as hypertrophy.?* 
'Thus, it may be concluded that other clinical 
Observations, besides our own, together with 
animal data, support the hypothesis that catechol- 
amines are involved in the development of some 
forms of cardiomyopathy and that reduced sympa- 
thetic activity by beta-receptor blockade can 
prevent the progress of the condition. This view 
is supported by our present findings of a beneficial 
effect of chronic beta blockade on COCM. The 
suggested role of catecholamines and sympathetic 
activity in the development of the condition remains 
to be proved, and studies are in progress to find 
out whether there is primary sympathetic over- 
activity in patients with COCM or an increased 
sensitivity to sympathetic stimulation. 

This study clearly demonstrates that chronic 
beta-receptor blockade may cause a significant 
improvement in myocardial function and relief of 
symptoms in patients with COCM. The improve- 
ment occurs in patients with moderate as well as 
severe heart failure. The patients responding best 
to beta-blockade could not be predicted by the 
methods used and it is therefore suggested that 
beta-receptor blockade should be added to conven- 
tional treatment with digitalis and diuretics in all 
patients with COCM. More experience of this 
treatment regimen, however, is needed in order to 
allow identification of the patients most suitable for 
it. 


This investigation has been supported by grants 
from the Swedish Medical Research Council, the 
Swedish National Association against Heart and 
Chest Diseases, and Géteborg Medical Society. 
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Adverse effects of beta-blockade withdrawal in 
patients with congestive cardiomyopathy 


K SWEDBERG, A HJALMARSON, F WAAGSTEIN, I WALLENTIN 
From the Departments of Medicine I and Clinical Physiology, Sahigren’s Hospital, University of Géteborg, 


Göteborg, Sweden 


SUMMARY Fifteen patients with congestive cardiomyopathy who had improved conspicuously on 
chronic administration of a beta-blocker were studied after withdrawal of the drug. In six patients 
there was a pronounced deterioration of their clinical condition, and in all of the remaining patients 
there was a significant decrease in ejection fraction, and signs of compromised diastolic function with 
pathological apex curves and an increase in third heart sound. All these changes were reversed within 
a few weeks to a few months after readministration of beta-blocking drugs. This study supports the 
idea that an aetiological factor in congestive cardiomyopathy may be a pathological response to sympa- 
thetic stimulation which could be partly controlled by administration of beta-blocking drugs. 


An improvement in myocardial function and 
general condition with chronic beta-blockade in 
patients with congestive cardiomyopathy (COCM) 
was first reported in 1975, and this has been 
confirmed in a more extensive recent study.?? It 
.has been known for many years that in patients 
with heart failure there is a compensatory increase 
in sympathetic nervous activity to counteract the 
depressed myocardial function.* Furthermore, beta- 
blockade is thought to aggravate heart failure and 
this treatment is said to be contraindicated in such 
patients. Taking this into account, the finding that 
beta-blocking agents could cause an improvement 
in myocardial function in patients with congestive 
cardiomyopathy and heart failure was surprising 
and unexpected. 

In this study beta-blockade was withdrawn in 
patients with COCM after long-term administra- 
tion. This was done for two reasons. First, the 
effects of withdrawal should give useful information 
about the role of beta-blockade in the improvement 
in myocardial function after long-term treatment. 
Second, valuable information could be obtained 
about the mechanisms underlying the observed 
beneficial effect of beta-blockade in these patients. 
Would there be an immediate deterioration in the 
patients’ condition in parallel with the fall in tissue 
concentration of the beta-blocking agent? Would 
the improved myocardial function persist even 
without beta-blockade, indicating that the treatment 
Received for publication 13 August 1979 


had been curative and not merely functioning by 
modulating heart rate and pressure development? 


Patients and methods 


In January 1978, 19 patients with congestive 
cardiomyopathy who had undergone chronic beta- 
blockade for at least six months were considered 
for the withdrawal study. Two patients who had 
been on beta-blockers for four-and-a-quarter and 
five years refused to discontinue the treatment. One 
patient was living far from Góteborg and could 
not take part in a closely controlled study. One 
patient had recently required an increase in 
metoprolol dosage to counteract a deterioration in 
cardiac function and it was therefore judged 
unethical to discontinue treatment. The remaining 
15 patients were informed about the study and 
agreed to take part. 

The duration of treatment and the daily dose of a 
beta-blocking agent before withdrawal are shown 
in the Table. All patients had taken the same dose 
of metoprolol for at least one month before investi- 
gation. Treatment with digitalis and diuretics 
continued unchanged. The patients were assessed 
(see below) at least once weekly, during the first 
month after withdrawal of beta-blockade. If 
changes in their general condition or signs of 
progressive heart failure appeared, they were re- 
assessed immediately. In patients with no subjective 
or objective changes after beta-blockade, withdrawal 
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reassessment was performed after four months. 
The investigations performed at each assessment 
included phonocardiograms from five standard 
areas, an apex cardiogram, pulse tracings from the 
carotid artery, jugular vein, and liver, and an 
echocardiogram, as described elsewhere.? 

One patient (case 1) discontinued treatment, 
without our knowledge, in January 1978 after four 
years as he had been without symptoms of heart 
failure for three years. He was included in the study 
and reassessed in April 1978 at which time he 
showed deterioration in cardiac function, with 
symptoms of heart failure. He was again given 
metoprolol and was reassessed 29 days after restart 
of treatment. All investigated variables and his 
general condition were compared with the previous 
findings of June 1976. These findings are included 
with the prewithdrawal data of the other patients. 
Two patients stopped their treatment after the 
toxic effects of practolol were reported in 1975. 
The clinical findings in these patients are also 
reported. 


Results 


The duration of treatment before withdrawal, and 
the length of the observation period after with- 
drawal of beta-blockade are given for all patients in 
the Table. This also contains the assessment of the 
patients after withdrawal of the drug. The patients 
were observed after withdrawal for seven to 119 
days (mean 72 days) before treatment was re- 
started. Six patients showed a clear deterioration 
in their clinical condition, with signs of increased 
heart failure. Two of these patients (cases 6 and 28) 
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deteriorated very rapidly with a return of dyspnoea, 
hypotension, poor peripheral circulation, and loud 
third and fourth heart sounds within 14 days. Case 1 
had received treatment for 48 months and returned 
to his poor pre-beta-blockade condition within two 
months of withdrawal. Case 16 complained after 
three weeks and was reinvestigated after 27 days. 
No significant abnormalities were found, and he 
continued without beta-blockade. He died suddenly 
two weeks later. 


Case reports 


CASE 1l 

'This male patient was previously healthy except for 
recurrent duodenal ulceration treated by gastric 
resection at the age of 40. At the age of 53 congestive 
cardiomyopathy was diagnosed when moderate 
biventricular failure developed in connection with 
an upper respiratory tract infection. Over the next 
18 months, he showed a progressive deterioration 
in cardiac function, and at the end of this period 
was considered to be in functional group IV 
(NYHA classification). Haemodynamic investi- 
gations showed a cardiac index of 1-05 l/min per m? 
and a left ventricular end-diastolic pressure 
(LVEDP) of 22 mmHg; the left ventricular end- 
diastolic diameter (LVEDD) was 6:2 cm and the 
ejection fraction (EF) 0-22 measured echocardio- 
graphically (Fig. 1a-e). Practolol was given initially 
in a very low dosage. Eventually practolol, 100 mg - 
twice daily, was well tolerated and the patient's 
condition dramatically improved over two months. 
Reinvestigation showed an increase in the cardiac 
index to 2-01/min per mê, normalisation of the 


Table Cardiovascular effects of withdrawal of chronic beta-blockade in patients with congestive cardiomyopathy 








Case Sex Age Symptom Duration of Present[last Duration of Clinical Non-invasive investigations 
no. (y) | duration beta-blocker beta-blocker withdrawal of condition 
before beta- treatment drug|dose beta blockade EF 3rd 4th | RFW[H a/H 
blocker (mth) (d) heart heart ratio ratio 
therapy (mth) sound sound 
1 M 55 15 50 A 100 mg x2 29 Deteriorated Y ^ + + + 
6 M 50 23 47 M. 50 mgx3 7 Deteriorated Jf 0 Y ^ 
10 M 46 10 37 M25mgx2 57 Unchanged Y ^ AF 0 AF 
13 M 56 21 37 M 50mgx2 112 Unchanged + 0 0 — — 
14 M 59 24 32 M 50mgx3 119 Unchanged 4 0 AF 0 AF 
15 F 60 11 32 PR40mgx3 103 Unchanged Y 0 0 0 0 
16 M 58 160 31 M25mgx2 27 Deteriorated. — |, 0 AF + AF 
17 M 16 4 32 M. 50 mgx3 82 Uncbanged Y ^ ^ ^ + 
18 M 34 15 10 A 100 mg x2 7 Deteriorated — — — — — — 
19 M 49 8 22 P 40mgx2 92 Unchanged ^ 0 ^ 0 Y 
20 F 16 3 22 M 50 mgx2 21 Unchanged — — — — — 
22 M 50 14 17 M 50mgx2 104 Unchanged Y ^ ^ ^ ^ 
25 M 56 18 7 M 50mgx2 112 Unchanged Y 0 0 + 0 
26 M 18 6 7 M 25mgx2 59 Deteriorated — | + + + o 
28 M 50 6 6 M 25 mgx2 14 Deteriorated — | T 4 + Y 





A, alprenolol; M, metoprolol; P, practolol; PR, propranolol; EF, ejection fraction; RFW/H ratio, rapid filling wave ratio; a/H ratio, 
“a” wave ratio; 0, unchanged; +, increased; j , decreased; —, not investigated; AF, atrial fibrillation. 
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resting LVEDP, and a reduction of the exercise 
LVEDP; the EF had increased to 0-58 and the 
LVEDD had decreased to 4-8 cm (Fig. 2). During 
the next two years the patient continued to 
improve, after which he defaulted from follow-up. 
Eighteen months later he was readmitted in severe 
biventricular failure, which had developed two 
months after accidental withdrawal of alprenolol. 
Again, the echocardiographic findings were grossly 
abnormal (Fig. 3) with an LVEDD of 6-7 cm, an 
EF of 0:23, and signs of mitral regurgitation. The 
findings were similar to those noted before beta- 
blockade was instituted. Metoprolol was given in 
low dosage and was well tolerated. Clinical improve- 


Fig. la-e Non-invasive findings 
in case 1 during treatment wrth 
digitalis and diuretics 
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ment was obvious within two months of the start 
of treatment and continued for the next year. Re- 
investigation confirmed the clinical improvement 
(Fig. 4), with a reduction in LVEDD to 4-7 cm 
and an increase in EF to 0-59. 


CASE 2 (CASE 16 IN TABLE) 

This male patient had previously been healthy 
except for diphtheria at the age of 7. At the age of 
42, he developed moderate exertional dyspnoea and 
was considered to be in functional group IT. 
Moderate cardiomegaly was noted on x-ray film. 
At the age of 58 he suddenly developed severe 
cardiac failure with pronounced cardiomegaly 
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(800 ml/m? bsa, measured radiographically). The 
echocardiograph showed a dilated left ventricle 
with an LVEDD of 70cm and a moderately 
reduced EF of 0-50. A loud third heart sound and 
an apical systolic murmur were also present. 

As he was in functional group III, he was given 
placebo according to the study procedure. Over 
the next three months, however, his functional 
status deteriorated to group IV, and beta-blockade 
was therefore instituted. Over the following year 
his clinical condition steadily improved with a 
distinct increase in exercise tolerance, a slight 
increase in EF to 0:60, and virtual disappearance 
of the third heart sound. There was, however, no 
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change in heart size or LVEDD. He returned to 
full-time work and at this time was considered to 
be in functional group Il. After 30 months on 
active treatment this was withdrawn according to 
the study procedure. After two weeks the patient 
began to experience exertional dyspnoea on 
moderate exercise, and a moderate reduction of the 
ejection fraction to 0-50 and a decreased left 
ventricular ejection time (LVET) were shown by 
echocardiograph and carotid pulse respectively. As 
the changes were only moderate, the withdrawal 
phase of the study was continued. Three weeks later, 
however, the patient died suddenly without an 
increase of cardiac symptoms. Cardiac arrhythmias 


Fig.2a-e Non-invasive findings 
in case J during treatment with 
chronic beta-blockade 
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were considered to be the immediate cause of death. 
At necropsy the patient was found to have a grossly 
dilated heart with pulmonary congestion. 


CASE 3 (CASE 28 IN TABLE) 
This male patient, previously healthy except for 
pulmonary tuberculosis controlled by chemotherapy, 
had suddenly developed biventricular cardiac 
failure six months before the start of beta-blockade. 
His condition deteriorated progressively despite 
treatment with digoxin and frusemide, and his 
functional grade was IV when he was considered 
for inclusion in the study. 

Haemodynamic investigations at this time showed 
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a cardiac index of 1-2 l/min per m?, and a grossly 
dilated left ventricle with an LVEDD of 8-0 cm 
and an EF of 0-18 were shown echocardiographi- 
cally. A loud third heart sound was present and 
was recorded on the phonocardiogram. Metoprolol 
was given initially in very low dosage. This was 
eventually increased to 25 mg twice daily which 
was well tolerated and the patient’s condition 
improved with an increase in exercise capacity. 
The third heart sound decreased considerably. The 
EF increased to 0-42, but the LVEDD decreased 
only slightly to 7-2 cm. According to the study 
procedure, active treatment was withdrawn after 
six months and the patient carefully supervised in 
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hospital for a period of five days. During this time 
there was no change in the patient’s clinical 
condition though the third heart sound reappeared. 
Nine days after discharge he was readmitted semi- 
conscious in cardiogenic shock with mechanical 
alternans and a systolic blood pressure of 50 to 
60 mmHg. Echocardiography confirmed the clinical 
impression of much depressed myocardial systolic 
function, the EF being 022 and the LVEDD 
7:5 cm. A very loud third heart sound was again 
present. Attempts to reintroduce beta-blockade 
were unsuccessful, but the patient responded to 








a a — 


Carotid pulse curve 
Y 


puce REMANERE USQUE: Se UNE R MICE CR 


Phonoigsin 


Ce ———— 











nn E Rutt me snd Ren nee neti err 


a D 
VA eremo nean noz fees ei he 


N 





ac ee ae 


| Apex cardiogram 
eased 
Phono |, sin 








139 


intravenous therapy with prenalterol, a new 
selective beta,-agonist®® given over 48 hours. 
After this, metoprolol was successfully reintroduced, 
and the patient’s clinical condition and findings on 
investigation improved to their previous levels 
within two months. 


Investigations 


All patient data are summarised in Fig. 5~7. One 
patient was studied for only 21 days and no re- 
investigation was performed as she had to go 


Fig. 4a-e Non-invasive findings 
in case I one year after beta- 
blockade was restarted. 

Phono I,sin = phonocardiogram 
from left third intercostal space. 
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Fig. 5 Non-invasive findings in patients with congestive cardiomyopathy on chronic beta-blockade (B) and after 
withdrawal of treatment (A). EF, ejection fraction; LA, left atrium; LVEDD, left ventricular end-diastolic 
diameter; LVET, left ventricular ejection time; Mean Vcr, mean velcocity of circumferential fibre shortening. 


abroad (case 20). Another patient (case 18) started 
alprenolol treatment after seven days of withdrawal 
without our notice because of increasing dyspnoea 
and it was not possible to obtain an assessment. 
The other 13 patients are included in the figures. 
From Fig. 5 it can be seen that there was a signifi- 
cant fall in the EF from 0-46 +0-03 to 0:35 +0-03 
(p <0-01), all but two patients having a lower EF 
after withdrawal of beta-blockade compared with 
before its withdrawal. No changes were seen in 
LVEDD. The mean velocity of circumferential 


Third heart sound 


E20 
Fig. 6 Amplitude of third and E 
fourth heart sounds in patients $15 
with congestive cardiomyopathy E 
before (S) and during (B) 510 


beta-blocker treatment, and after 
(A) withdrawal of the drug. 5 





fibre shortening (mean Vcr) was significantly 
reduced in six of the patients but was unchanged in 
five and increased in one of the patients studied. 
'The size of the left atrium was increased in four 
of the patients, slightly increased in two, and 
unchanged in the others. The LVET was decreased 
in half of the patients studied and increased or 
unchanged in the others. All patients but one 
showed an increase in heart rate after beta-blockade 
withdrawal and the overall change in heart rate 
was significant for the group (p « 0-01) (mean heart 
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Beta-blockade withdrawal in congestive cardiomyopathy 


rate 71-3 on beta-blockade; 8814 beats per 
minute after withdrawal). 

The recorded amplitude of the third heart sound 
increased from 1+0-4 to 642 mm (p «0:05) and 
was much increased in seven of the patients (Fig. 6). 
Seven of the patients had no measurable third 
heart sound on beta-blockade and it returned in 
five of these patients after discontinuation of 
treatment. Though several of the patients also 
showed an increase in the fourth heart sound 
amplitude, the changes in this index were more 
variable. 

The changes in RFW/H ratio are shown in Fig. 7. 
A significant increase in RFW occurred (p < 0-05) 
and all but two of the patients studied showed an 
individual increase. Changes in a/H ratio increased 
in some patients and decreased in others so that 
the mean value for the group was not changed 
with withdrawal of beta-blockade. Three of the 
patients showing a reduction in the “a” wave 
(cases 1, 6, and 28) had a clear increase in RFW. 

During long-term treatment with beta-blockade 
two patients who had been on beta-blockade for 
24 months and 12 months discontinued treatment 
without informing us. This was done by one (case 5) 
when the toxic effects of practolol were reported, 
and by the other (case 6) because of persisting 
exertional dyspnoea. After discontinuation of beta- 
blockade both developed severe cardiac failure and 
were brought to hospital with pulmonary oedema. 
When beta-blockade was reinstituted there were no 
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further attacks of pulmonary oedema in either of 
them. 


Discussion 


'The present study shows that myocardial function 
in congestive cardiomyopathy can be impaired by 
withdrawal of beta-blockers. Six of the 15 patients 
in the study showed a distinct deterioration in 
their clinical condition, with the appearance of 
increased dyspnoea, and three of the patients 
showed other signs of severe cardiac failure, such 
as hypotension, poor peripheral circulation, and 
cardiogenic shock. One of the patients who de- 
veloped increased dyspnoea died suddenly 41 days 
after beta-blockade was discontinued. Cardiogenic 
shock developed two weeks after withdrawal in 
another patient. The ejection fraction, as measured 
from the echocardiogram, was decreased in 11 of 
the 13 patients in whom it was measured. Eight 
patients showed an increase in rapid filling wave 
and six patients a clear increase in the amplitude 
of the third heart sound. It appeared that the 
patients who had had the most dramatic improve- 
ment with beta-blockade showed the most severe 
deterioration after its withdrawal. The development 
of pulmonary oedema in the two patients who 
stopped treatment without our knowledge is in 
accord with the other observations following 
planned beta-blockade withdrawal. 'The results 
from this study strongly support the findings of 


a/H-ratio 


Fig. 7 Rapid filling wave ratio 
(RFW/H ratio) and “a” wave 
ratio (a/H ratio) in patients with 
congestive cardiomyopathy before 
(S) and during (B) beta- 
blocker treatment and after 

(A) withdrawal of the drug. 
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improved clinical condition and myocardial function 
with chronic beta-blockade, as reported before.!-? 
A deterioration in myocardial function after 
discontinuation of chronic beta-blockade indicates 
that the treatment has not been curative. In the 
patients whose clinical condition deteriorated with 
the appearance of severe dyspnoea this appeared in 
two of them very soon after discontinuation of beta- 
blockade while there was a slower deterioration in 
the others. This suggests that impaired cardiac 
function does not correlate directly with the fall in 
tissue drug concentration in all patients. Beta- 
blockade, by reducing heart rate and myocardial 
work, could have beneficial effects on energy 
metabolism and heart function. The reduction of 
metabolic demand induced by beta-blockade would 
be beneficial if the myopathic heart cells were 
deficient in energy-yielding substrates, such as 
ATP, and at risk of accumulation of metabolites, 
such as lactate and NADH*. Metabolic overactivity 
in the myopathic cells could be caused by in- 
appropriately high sympathetic activity or increased 
sensitivity of the cells to sympathetic stimulation: 
'The delayed clinical deterioration in some patients 


could be related to structural changes within the. 


myopathic heart cells in the absence of the protec- 
tive effects of beta-blockade. It is known .that 
catecholamines have a direct stimulatory effect on 
processes of protein synthesis in the heart, and it 
has been suggested that the synthesis of a defective 
contractile protein could be a consequence of 
increased sensitivity to beta,-stimulation." It seems 
unlikely that a rebound phenomenon after with- 
drawal of beta-blockade was of importance in this 
study. In dogs, haemodynamic and metabolic 
responses to abrupt withdrawal of beta-blockade 
usually appear within 24 to 48 hours,® and in man 
it has been reported that the greatest sensitivity to 
catecholamines after withdrawal of long-term beta- 
blockade occurs within four to six days.? Symptoms 
such as chest pain and ventricular arrhythmias in 
patients with ischaemic heart disease have been 
reported as occurring immediately after chronic 
treatment is stopped.!? 

In conclusion, the present study strongly supports 
the hypothesis that sympathetic nervous activity, 
in some way, plays a role in the development of 
congestive cardiomyopathy. Any group of patients 
with congestive cardiomyopathy is heterogeneous 
and the role of catecholamines in the development 
of the disease and the appearance of symptoms may 
be variable. Chronic beta-blockade will produce 
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clinical improvement in some patients but not in 
others. Similarly, withdrawal of beta-blockade 
caused a distinct deterioration in some of the . 
patients in this study, but had little influence on 

the others. ` 
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Cardiac tumours: non-invasive detection and 
< assessment by gated cardiac blood pool 
-. radionuclide imaging 
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SUMMARY Four patients with cardiac tumours were investigated by gated cardiac blood pool 
radionuclide imaging and echocardiography. Contrast angiocardiography was performed in three of 
. the cases. Two left atrial tumours were detected by all three techniques. In one of these cases 
echocardiography alone showed additional mitral valve stenosis, but isotope imaging indicated tumour 
size more accurately. A large septal mass was detected by all three methods. In this patient 
echocardiography showed evidence of left ventricular outflow obstruction, confirmed at cardiac 
catheterisation, but gated isotope imaging provided a more detailed assessment of the abnormal cardiac 
anatomy. In the fourth case gated isotope imaging detected a large right ventricular. tumour which 


had not been identified by echocardiography. 


Gated cardiac blood pool isotope imaging is a complementary technique to echocardiography for 
` the non-invasive detection and assessment of cardiac tumours. 


Cardiac tumours are rare lesions. Formerly contrast 
angiography was the only available method to 
establish the diagnosis. Echocardiography is a 
sensitive non-invasive technique for the detection 
of cardiac tumours, particularly in the left atrium! ? 
and gated cardiac blood pool radionuclide imaging 
has been used as an additional atraumatic method 
' to detect left atrial myxomata.? 4 

Over a six-month period we have investigated 
four patients with intracardiac tumours, using 
gated cardiac blood pool imaging in addition to 
other techniques. In this report we describe the 
appearance of these tumours. 


Imaging methods 


Gated cardiac blood pool images were acquired in 
each case using an Ohio Nuclear Series 100 
scintillation camera and a high resolution, parallel- 
hole collimator, interfaced to a dedicated mini- 
computer (Digital Equipment Corporation, Gamma 
11). Twenty mCi of technetium-99m labelled 
autologous red blood cells were injected intra- 
` venously and after equilibration of the tracer within 
.the blood pool the camera was positioned over the 
Received for publication 5 December 1979 


patient's praecordium. Images were obtained in 
three or four selected views in each patient. The 
data were stored as a series of 11 R-wave triggered 
intervals between each QRS complex to a total of 
four million counts recorded in approximately five 
minutes for each view. 


Case reports 


CASE 1 

A 10-year-old boy was admitted to Guy's Hospital 
for dermatological investigation. Since birth he had 
been heavily freckled and both parents were 
freckled. At 2 years of age two tumours were excised ` 
from his neck with a local recurrence five years 
later. Histology of all three specimens showed 
myxosarcoma of low-grade malignancy. 

'There were no cardiovascular symptoms. Physical 
examination showed a red-haired boy with extensive 
freckling. Pulse rate was 76 per minute with sinus 
arrhythmia. Blood pressure was 110/70 mmHg. 
Mitral pansystolic and mid-diastolic murmurs were 
present intermittently and varied with posture. The 
remainder of the examination was normal. 

Haemoglobin level and leucocyte count were 
normal. The erythrocyte sedimentation rate was 


143 





raised (43 mm/h, Westergren). The electrocardio- 
gram was normal. The chest radiograph showed left 
atrial enlargement and prominent upper lobe 
pulmonary vasculature. An echocardiogram showed 
a tumour which was seen in the left atrium during 
systole and appeared between the mitral leaflets in 
diastole (Fig. 1). The echocardiographic appearance 
of the pulmonary valve suggested pulmonary 
hypertension. Gated cardiac blood pool images were 
acquired in four views. The tumour caused a photon- 
deficient area in the left atrium which moved 
towards the ventricle in diastole (Fig. 2). Right 
heart catheterisation confirmed pulmonary hyper- 
tension (pulmonary artery pressure 45/20 mmHg). 
A right ventricular angiogram was normal but 
follow-through outlined a large left atrial tumour. 

At operation a gelatinous tumour occupied the 
left atrium and bulged through the foramen ovale. 
A small, separate tumour was attached to the right 
atrial wall opposite the foramen. Both tumours were 
removed. Recovery was uneventful. Tumour 
histology was typical of atrial myxoma. Post- 
operative echocardiography showed no evidence of 
residual atrial tumour and normal mitral valve 
motion. 


CASE 2 
A 56-year-old woman was transferred to Guy’s 
Hospital with unstable angina pectoris. Inferior 
myocardial infarction, confirmed by electrocardio- 
gram and enzyme changes, had occurred four 
months previously and a probable pulmonary infarct 
occurred a fortnight before transfer. There was a 
history of malaise, weight loss, and breathlessness 
for one year, but no history of rheumatic fever. 
On arrival the patient appeared ill. She had a 
regular pulse of 70 per minute with blood pressure 
125/85 mmHg. Pansystolic and mid-diastolic mur- 
murs were present. There were signs of pulmonary 
hypertension and of a left pleural effusion. 
Haemoglobin was 11-9g/dl, with a normal 
leucocyte count and high erythrocyte sedimentation 
rate (55 mm/h—Westergren). The electrocardio- 
gram showed sinus rhythm with widespread T 
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Fig. 1 Echocardiogram and 
phonocardiogram (PCG) from 
case 1, In this sweep from left 
ventricle (LV) to aorta ( AO) 
the myxoma (T) gives rise to 
multiple echoes between the mitral 
leaflets in diastole. In systole the 
tumour appears to occupy the 
entire depth of the left atrium 

LA). IVS, intraventricular 
septum; AML, anterior mitral 
leaflet. 


wave flattening or inversion, and Q waves in the 
inferior leads. The chest radiograph showed a left 
pleural effusion, cardiomegaly, and pulmonary 
venous congestion. Echocardiography showed an 
apparently small (1:5 cm depth) left atrial tumour 


Systole 








Fig. 2 


Systolic and diastolic images from gated cardia: 
blood pool study in the left posterior oblique ( LPO) 
projection from case 1, During ventricular systole the 


myxoma ( T') is seen as a photon-deficient area high in 
the left atrium. In diastole the tumour has moved doton 
to the atrioventricular junction and separates tracer 


activity in the ventricle ( V) from that in atrium (A). 
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Fig. 3 Echocardiogram and phonocardiogram 


PCG) from case 2. A sweep from left ventricle (LV) to aorta ( AO 


showing multiple echoes immediately behind the anterior mitral leaflet (AML) in diastole. Echoes from the tumour (1 


are also recorded from the left atrium 


LA) during systole. In contrast to Fig. 1 the posterior mitral leaflet (PML 


moves anteriorly in diastole, indicating additional mitral valve stenosis. 


Systole 


Diastole 





Fig. 4 Systolic and diastolic gated cardiac blood pool 
images in the left anterior oblique ( LAO) view from 
case 2. Normal tracer activity is seen in the right 
ventricle (R) and in the left ventricle (L). 

However, no tracer activity ts recorded from the region 
of the left atrium which was filled by tumour (T 


which appeared immediately behind the anterior 
mitral leaflet in diastole, and moved abruptly into 
the left atrium in systole. Furthermore, the posterior 
mitral leaflet echo moved anteriorly in diastole, 
indicating additional mitral valve stenosis (Fig. 3 
The pulmonary valve echogram suggested pulmon- 
ary hypertension. Gated cardiac blood pool images 
showed a large photon-deficient area in the left 
atrium (Fig. 4). This moved towards the ventricle 
in diastole. Cardiac catheterisation confirmed 
pulmonary hypertension (77/35 mmHg, and 
demonstrated a 22 mmHg end-diastolic gradient 
between simultaneous pulmonary artery wedge and 
left ventricular pressures. A left ventricular angio- 
gram showed mitral regurgitation which outlined a 
large left atrial tumour. This was attached to the 
anterior mitral leaflet and prolapsed into the 
ventricle in diastole. Coronary arteriography showed 
a fistula between the right coronary artery and right 
atrium and several small vessels to the left atrium 
suggesting a tumour circulation. The coronary 
arteries were otherwise normal. 

At operation a large tumour (diameter 5 cm 
filled the left atrium and was adherent to the 
anterior mitral cusp. On removing the tumour the 
mitral valve appeared thickened and mildly 
stenosed. The postoperative course was complicated 
by atrial fibrillation. Tumour histology showed a 
fibrosarcoma. Repeat echocardiography showed no 
evidence of residual tumour, but the pattern of 


mitral stenosis persisted (Fig. 5). 
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Fig. 5 Postoperative echocardiogram and phonocardiogram 

PCG) from case 2 showing persistence of mild mitral 
stenosis, indicated by slight anterior motion of the 
posterior mitral leaflet (PML) in early diastole. MV, 
mitral valve. 


CASE 3 

A 21-year-old Iranian girl was transferred to Guy’s 
Hospital for investigation of suspected pericarditis. 
She gave a history of increasing sharp praecordial 


pain, affected by posture and respiration, for three 
months. Ten years previously a chondrosarcoma, 
arising in costal cartilage at the left sternal border. 
had been excised, but until the present illness the 
patient had remained well, with no sign of 
recurrence. 

On arrival the patient was apyrexial. Pulse rate 
was 82 per minute, regular, with no paradox. The 
apex beat was impalpable. A pericardial rub was 
audible. The remainder of the examination was 
normal. The electrocardiogram showed reduced 
voltage in all leads and a chest radiograph showed 
cardiomegaly. Echocardiography was technically 
difficult, but confirmed the presence of a large 
pericardial effusion. Intracardiac structures were 
poorly defined, and, in particular, definition of the 
right ventricular/septal endocardium was prevented 
by the recording of multiple echoes, apparently from 
within the right ventricular cavity (Fig. 6). Gated 
cardiac blood pool imaging also showed the 
pericardial effusion; in addition a region of greatly 
reduced tracer activity was seen, replacing the 
activity normally recorded from the right ventricle 
and much of the right atrium (Fig. 7). Diagnostic 
pericardial aspiration disclosed lightly bloodstained 
fluid in which malignant cells were not found on 
cytological examination. Thereafter the patient 
elected to defer further investigation or treatment; 
but she subsequently presented elsewhere with 
metastatic chondrosarcoma in the leg. 


CASE 4 
A 4-year-old boy was admitted to hospital for 





Fig. 6 Echocardiogram from case 3 
LA) to left ventricle (LV). A pericardial effusion 


of the right ventricle (RV), obscuring the 


A technically difficult study showing a sweep from aorta (AO 
PE) is visible behind the LV, but the effusion is not 
anteriorly because of the gain setting for this part of the recording. Several echoes are recorded from within the cavity 


endocardial echo between RV and septum 


and left 


atrium 


well seen 


IVS 


Cardiac tumours 


S ystole 


Diastole 


Fig. 7 Systolic and diastolic images in the left anterior 
oblique (LAO) view from case 3. An area of reduced 
tracer activity ( T) indicates the presence of tumour 
within the right ventricle, tohereas normal tracer activity 
is recorded from the left ventricle ( L). The intracardiac 
tracer activity ts surrounded bv a halo of relatively 
reduced activity (E) which represents a large pericardial 
effusion. 
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investigation of a heart murmur, first noted by his 
family doctor at age 2 years. The patient was easily 
fatigued but his growth and milestone achievement 
had been normal. There was no other previous 
medical history and no family history of heart 
disease. 

On examination, height and weight were at the 
70th and 75th centiles for age, respectively. The 
pulse was regular at 92 per minute and of normal 
character. Blood pressure was 105/60 mmHg. The 
heart was enlarged, with a sustained left parasternal 
heave and a basal ejection systolic murmur. The 
remainder of the examination was normal. 

Haematological and biochemical screens were 
normal. The electrocardiogram showed sinus 
rhythm with a QRS axis of -120 , complete right 
bundle-branch block, and pronounced right ventri- 
cular hypertrophy. The chest radiograph showed 
cardiac enlargement. An echocardiogram showed a 
greatly thickened interventricular septum with 
reduced motion. Motion of the posterior wall was 
increased. There was systolic anterior motion of the 
mitral valve, suggesting left ventricular outflow 
obstruction but the aortic valve appeared normal 
(Fig. 8). Pronounced septal hypertrophy was also 
seen on the gated cardiac blood pool images which 
also showed increased thickness of the free wall and 
apex of the left ventricle (Fig. 9). Cardiac catheter- 
isation demonstrated a systolic pressure gradient of 
20 mmHg across the left ventricular outflow tract. 
Intracardiac pressures were otherwise normal. A 
right ventricular angiogram showed a large mass 
protruding from the septum into the right ventricle; 
left ventriculography showed a septal mass encroach- 
ing on the left ventricular outflow tract, and 
hypertrophied papillary muscles. 

At operation a large purple mass occupied the 
upper septum and appeared to extend into the free 


Fig. 8 Echocardiogram from 
case 4; sweep from the left 
ventricle (LV) to aorta / AO 
and left atrium ( LA). The 
septum (IVS) is greatly thickened 
and is hypokinetic. The mitral 
valve (MV) shows systolic 
anterior motion ( SAM) 
indicating LV outflow obstruction, 
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Systole 





Diastole 





Fig. 9 Systolic and diastolic left anterior oblique gated 
images from case 4. In diastole normal tracer activity ts 
seen in the right ventricle (R) and left ventricle (L), 
separated by a wide band of low activity indicating a 
thickened septum ( S). A halo of relatively low tracer 
activity around the remainder of the left ventricle 
suggests hypertrophy of the free wall ( F). In systole, 
left ventricular tracer activity is almost obliterated. 


wall of the left ventricle. As resection was not 
feasible a biopsy was taken and the heart was 
closed again. Histology showed hypertrophied 
cardiac muscle with no evidence of neoplasia and 
no myocardial fibre disarray. Postoperative recovery 
was uneventful. 

Both parents have had clinical examinations, 
electrocardiograms, and echocardiograms, all of 
which were normal. 
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Discussion 


Because of the rarity of cardiac tumours and their 
wide spectrum of non-specific manifestations,’ well 
illustrated by these four cases, atraumatic tech- 
niques which allow detection of these lesions have 
an important place in the investigation of patients 
with unexplained cardiac symptoms or signs, so 
that potentially resectable lesions may be detected 
early. Gated cardiac blood pool imaging is such a 
technique. Intracavity cardiac tumours may be 
seen as filling defects within any of the cardiac 
chambers, and their motion may be demonstrated, 
as in our first three cases. Thickening of the 
myocardium (by tumour or hypertrophy) may also 
be detected by this method, particularly when this 
involves the interventricular septum, as in hyper- 
trophic cardiomyopathy." Hence the widening of 
the septum was easily detected in the left anterior 
oblique view in case 4. 

In our first two cases echocardiography identified 
the presence of the tumours and demonstrated their 
motion. In case 1 little additional information was 
gained from the gated images; in case 2 gated 
radionuclide imaging gave a more accurate indica- 
tion of tumour size, whereas the echocardiogram 
alone detected mitral valve stenosis. The ability to 
obtain two-dimensional images in multiple views 
in case 4 allowed the extent of left ventricular 
hypertrophy to be defined much more precisely 
than by single-beam echocardiography. The echo- 
cardiogram, on the other hand, detected evidence 
of left ventricular outflow obstruction which was 
otherwise demonstrated only by cardiac catheter- 
isation. Neither echocardiography nor gated isotope 
imaging provided a firm diagnosis in this case, 
and though the angiogram suggested a septal 
tumour, operative biopsy also failed to distinguish 
neoplasm from hypertrophic cardiomyopathy. 
Finally, in case 3, the echocardiogram was 
technically difficult. The presence of a pericardial 
effusion was confirmed, but the tumour was not 
clearly identified and merely gave rise to non- 
specific echoes within the right ventricle, obscuring 
the septal endocardium. In contrast, the gated 
cardiac blood pool images clearly showed a large 
photon-deficient area within the right ventricle, 
together with the large pericardial effusion. 

As in this last example, echocardiography is 
technically difficult or impossible in a small propor- 
tion of subjects,’ and occasionally cardiac tumours 
are not detected by ultrasound despite adequate 
recordings.’ Pohost er al.’ failed to diagnose two 
out of seven left atrial myxomata by echocardio- 
graphy, and one out of seven was not detected on 
gated images. These authors suggest that this latter 


Cardiac tumours 


failure was the result of multiple lobulation of the 
myxoma, allowing the passage of blood between the 
lobules and resulting in the recording of tracer 
activity from the region occupied by the tumour. 
It is just this type of tumour in which multiple 
surfaces might be expected to give rise to multiple 
ultrasonic echoes, which allow easy echocardio- 
graphic diagnosis, Conversely, a solid tumour of 
uniform density may be less easy to detect by 
echocardiography and more readily identified by 
isotope imaging. 

Thus gated cardiac blood pool radionuclide 
imaging appears to be complementary to echo- 


cardiography for the atraumatic detection and . 


assessment of cardiac tumours. It appears to be of 
particular diagnostic value in patients in whom 
echocardiography is technically difficult or non- 
diagnostic. The demonstration of a cardiac tumour 
by either of these techniques may permit surgical 
exploration without the need for cardiac catheter- 
isation and contrast angiography. 
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Prediction of mortality and serious ventricular 
arrhythmia in hypertrophic cardiomyopathy 


An echocardiographic study 
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SUMMARY M-mode echocardiography was performed on 26 patients with clinical and angiographic 
hypertrophic cardiomyopathy to assess the echocardiographic prediction of serious ventricular 
arrhythmia. These patients had previously undergone 48-hour ambulatory electrocardiographic 
monitoring both on and off beta-adrenergic blocking drugs and were grouped according to the most 
serious ventricular arrhythmia detected: (A) ventricular tachycardia, eight patients; (B) multiform or 
paired ventricular extrasystoles, 11 patients; (C) uniform ventricular extrasystoles, seven patients. 
Septal amplitude of motion at chordal level and septal systolic thickening showed a significant difference 
between group A and C, and group B and C. Systolic anterior movement of the mitral valve and 
mid-systolic closure of the aortic valve were detected with identical frequency and were both seen in 
two patients (25%) in group A, seven patients (64%) in group B, and six patients (86%) in group C. 
These echocardiographic features of obstruction were inversely correlated with ventricular tachycardia, 
Septal amplitude of motion was then assessed just below the mitral valve and at chordal level by 
continuous sweep recording and the pattern of septal motion was graded from normal (type I) to 
absent (type V) or as paradoxical (type VI). Six patients (75%) in group A showed type IV, V, or VI; 
seven patients (64%) in group B showed type III; and six patients (86%) in group C showed type I or II. 
The patients with ventricular tachycardia were the patients with the most severely impaired pattern 
of septal motion. 


Sudden death is the most important feature of the 
natural history of hypertrophic cardiomyopathy 
since it is often unexpected and is the commonest 
mode of death.! The recent detection of a 50 per 
cent incidence of serious ventricular arrhythmia in 
an unselected series of patients with hypertrophic 
cardiomyopathy may have provided a valuable 
predictor of those patients at particular risk.? No 
clinical or haemodynamic index predicted which of 
those patients would have ventricular tachycardia, 
and this is consistent with retrospective studies 
which have failed to identify predictive features for 
sudden death.? 

Although not proven, patients with serious 
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ventricular arrhythmia are likely to be at risk from 
sudden death. This study was undertaken to 
examine the M-mode echocardiogram for features 
predictive of serious ventricular arrhythmia. In 
addition to the classical echocardiographic features, 
special attention has been focused on a continuous 
sweep recording from the base of the heart longi- 
tudinally toward the apex to assess amplitude of 
motion at different levels of the ventricular septum. 


Subjects and methods 


M-mode echocardiography was performed on 26 


. of 27 unselected patients with clinical and angio- 


graphic evidence of hypertrophic cardiomyopathy 
who had previously undergone 48-hour outpatient 
ambulatory electrocardiographic monitoring both 
off and on beta-adrenergic blocking drugs. The 
echocardiography was performed one to nine 
months (mean: three months) from the ambulatory 
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lectrocardiographic monitoring. All of these 26 
patients had undergone cardiac catheterisation 
within the three years before this study and were 
on beta-adrenergic blocking drugs (range in pro- 
pranolol equivalents: 60 to 800 mg, mean: 260 
mg/day) when they were studied by echocardio- 
graphy. 

Fifteen patients were men and 1l were women. 
‘The mean age was 48 years (age range: 21 to 71). 
‘Twenty-one of the patients were in sinus rhythm 
and five in established atrial fibrillation. Twelve 
of the patients complained of palpitation and six of 
these patients had had at least one previous episode 
of syncope. 

Left ventricular, mitral valve leaflet, aortic root, 
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Fig. 1 The echocardiographic 
features assessed. ECG, electro~ 
cardiogram ; IVS, ventricular 
septal thickness; Ratio, 
ventricular septal thickness to 
posterior wall ratio; ESD, end- 
systolic dimension; % IV S, septal 
systolic thickening ; LVPW ex, 
left ventricular posterior wall 
excursion; IVS amp-C, 
ventricular septal amplitude of 
motion at chordal level; IVS 
amp-M, ventricular septal 
amplitude of motion just below 
mitral valve level. 





and left atrial echocardiograms and continuous 
sweep recordings of the ventricular septum from 
the base of the heart toward the apex were obtained 
by standard methods.* Ekoline 20 Ultrasonoscope 
was used with a 2-25 MHz transducer and a repeti- 
tion frequency of 1000 pulsesis. The output was 
displayed on the Cambridge strip chart recorder 
with a simultaneous electrocardiogram. Studies 
were made with patients in the supine or slight left 
lateral position, with the transducer at the left 
sternal edge. 

The following echocardiographic features were 
assessed (Fig. 1 and 2): (1) ventricular septal 
amplitude of motion; (2) ventricular systolic septal 
thickening; (3) ventricular septal thickness at end- 


Fig.2 The echocardiographic 
features assessed. MV, mitral 
valve; IVS-C, septal mitral 
valve distance at the onset of 
systole; SAM, systolic anterior 
movement of the mitral valve; 
DCR, diastolic closure rate of the 
anterior mitral valve; MSCAV, 
mid-systolic closure of the aortic 
valve; AO, aortic root; LA, left 
atrial dimension. 
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diastole; (4) ventricular septal thickness to left 
ventricular posterior wall ratio; (5) left ventricular 
posterior wall excursion; (6) left ventricular end- 
systolic dimension; (7) septal mitral valve distance 
at the onset of systole; (8) diastolic closure rate of 
the anterior mitral valve leaflet; (9) systolic anterior 
movement of the mitral valve; (10) mid-systolic 
closure of the aortic valve; (11) left atrial dimension 
at end-systole. Ventricular septal amplitude of 
motion (Fig. 1) was assessed just below (or at) the 
plane of the mitral valve and at chordal level by 
continuous sweep recording of the ventricular 
septum from the base toward the apex, and the 
pattern of septal motion seen was classified into six 
types based on normal, reduced, flat, or paradoxical 
septal motion (Fig. 3). Features (2) to (6) were 
assessed from the echocardiograms obtained just 
below the plane of the mitral valve, where the minor 
axis of the left ventricle was recorded (Fig. 1). 
Feature (2) septal systolic thickening was expressed 
as systolic thickness minus diastolic thickness 
divided by diastolic thickness (S-D/D). Features 
(7) to (9) were assessed from the echocardiograms 
obtained at the plane of the mitral valve tip where 
both anterior and posterior leaflets were recorded 
simultaneously (Fig. 2). Features (10) and (11) were 
assessed from the echocardiograms obtained at the 
plane of the aortic root and the left atrium where 
both anterior and posterior aortic cusps were 
visualised (Fig. 2). 

The arrhythmias detected have been reported 
elsewhere. The frequency of ventricular tachy- 
cardia was almost identical with or without beta- 
adrenergic blocking drugs. For the purpose of this 


study the patients were grouped according to the 
most serious ventricular arrhythmia present with or 
without beta-adrenergic blocking drugs: group (A) 
ventricular tachycardia defined as three or more 
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Fig. 4 Representative ambulatory electrocardiograms in 
three groups of patients. VES, ventricular extrasystoles. 
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ventricular extrasystoles in succession, eight 
patients; group (B) multiform or paired ventricu- 
lar extrasystoles, 11 patients; group (C) uniform 
ventricular extrasystoles, seven patients (Fig. 4). 
In group (C), five patients had fewer than 30 
ventricular extrasystoles an hour and two patients 
had more than 30 ventricular extrasystoles an hour. 
The echocardiographic features assessed were 
compared in these groups. 

Standard statistical analyses were performed. 
The difference between two proportions was 
examined using the Fisher’s exact test. One-way 
analysis of variance was performed initially to test 
the difference between means of more than two 
groups and this was followed by a two-sample 
t test when the result was significant. 


Results 


Results are shown in the Table. - 

Mean ventricular septal amplitude of motion at 
chordal level was 4-0 +0-9 (standard error of the 
mean) mm in group A, 5:5 -0-4 mm in group B, 
and 7-0+0-6mm in group C, and there was a 
significant difference between group À and C 
(p —0-017), group B and C (p 0-042), and group 
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Fig. 5 Ventricular septal amplitude of motion. 
IVS, ventricular septum; MV, mitral valve; 
VT, ventricular tachycardia; VES, ventricular 
extrasystoles. 
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Fig. 6 Left ventricular posterior wall excursion and 
ventricular septal systolic thickening. VT, ventricular 
tachycardía; VES, ventricular extrasystoles. 


A+B and C (p=0-015), but no significant differ- 
ence between group A and B (Fig. 5). 

Mean septal systolic thickening was 11-6+3-0 
per cent in group A, 13-6+1-8 per cent in group 
B, and 22-9 4-1-9 per cent in group C. There was 
significant difference between group A and C, 
group B and C, and group A+B and C (p «0-01 
for each), but no significant difference between 
group À and B (Fig. 6). Mean ventricular septal 
amplitude of motion just below the mitral valve 
level, left ventricular posterior wall excursion, 
ventricular septal thickness, or ventricular septal 
thickness to posterior wall ratio did not show any 
significant difference in these three groups of 
patients. 

Within each group systolic anterior movement of 
the mitral valve and mid-systolic closure of the 
aortic valve were detected with identical frequency : 
two patients (2595) in group À, seven patients 
(64%) in group B, and six patients (86%) in group 
C, and there was a significant difference between 
group A and C (p « 0-05) (Fig. 7). 

Six different patterns of septal motion were 
derived from the amplitude of septal motion at two 
different levels: just below the plane of the mitral 
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valve and at chordal level. In group A, six of eight 
patients (75%) showed type IV, V, or VI. In group 
B, seven of 11 patients (64%) showed type III. In 
group C, six of seven patients (8695) showed type 
I or II (Fig. 3 and 8). 

'Three patients had paradoxical septal motion 
(type VI), and since completion of the study two 
of them have died. Case 1 was diagnosed in 1972. 
He was in left ventricular failure, on digitalis and 
diuretics, and died suddenly. His echocardiogram 
showed paradoxical septal motion and decreased 
septal systolic thickening. Case 2 was operated on 
in 1958 and was the first patient to be treated 
surgically. Apart from a syncopal episode, he was 
in controlled left ventricular failure, but died 
suddenly while watching television. His electro- 
cardiogram showed left bundle-branch block and 
his echocardiogram showed a grossly thickened 


Table 
and in group C : uniform ventricular extrasystoles 





IVS amplitude (mm) 
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septum with paradoxical septal motion and reduced 
septal systolic thickening. He was the only patient 
in the study with bundle-branch block. The other 
two patients with paradoxical septal motion had no 
clinical or echocardiographic evidence of other 
causes of paradoxical septal motion. 


Discussion 


None of the classical echocardiographic features of 
hypertrophic cardiomyopathy was predictive of 
serious ventricular arrhythmia, except ventricular 
septal amplitude of motion and septal systolic 
thickening. Though the echocardiographic features 
of obstruction, systolic anterior movement of the 
mitral valve and mid-systolic closure of the aortic 
valve,57? had previously been positively associated 
with ventricular arrhythmia,® we found the oppo- 


Echocardiographic data in group A: ventricular tachycardia in group B : multiform or paired ventricular extrasystoles, 








Case Sex Age (y) | Pattern of IVS IVS IVS! LVPW LVESD IVS-C DCR 
no. IVS motion Just below At systolic thickness LVPW excursion (mm) (mm) (mmis) 
MV level chordae thickening (mm) ratio (mm) 
level (99) 

Group A 

1 M 59 VI (P) (P) 14 19 1:9 11 43 19 43 

2 M 62 VI (P) (P) 2 29 48 14 24 10 22 

3 M 44 VI (P) (P) 9 20 2:5 18 30 32 60 

4 M 49 III 4 4 19 22 22 9 26 19 16 

5 M 56 v 2 2 3 29 3-6 14 34 27 136 

6 F 57 I 7 7 25 14 1-6 11 21 21 91 

7 F 37 IV 2 5 17 20 16 14 17 27 58 

8° M 37 V 2 2 4 27 19 20 18 25 19 
Mean 3-4 40 11-6 22:55 2:5 13:9 26:6 225 55-0 
+SEM +10 +0°9 +3-0 41-9 30-4 +13 +31 x24 +146 
Group B 

9 M 23 3 — 9 11 16 ll 36 23 72 
10 F 57 III 4 5 8 25 1-0 11 21 19 16 
11 M 35 I 7 7 20 15 0-9 15 17 22 17 
12 M 44 II 5 6 15 20 l8 10 25 26 30 
13 M 58 III 4 4 10 22 17 13 27 24 41 
14 F 60 II 4 6 15 23 2:3 12 19 19 35 
15 F 59 III 4 4 5 23 2:3 19 31 22 74 
16 F 71 III 3 5 14 20 1:8 13 26 24 88 
17 M 32 III 3 5 26 17 1-9 14 14 19 21 
18 M 43 III 3 5 16 21 2:6 18 22 24 45 
19 F 55 II 4 8 12 17 19 13 24 27 51 
Mean 40 55 13-6 19:5 1:8 13:6 23:8 22:6 44:6 
+SEM x04 +0:4 +18 +12 x02 +0°9 +19 +0-8 +74 
Group C 
20 F 51 II 4 7 24 19 27 11 21 15 — 
21 M 60 I 7 7 24 28 31 14 24 25 0 
22 F 59 III 4 5 14 20 2:2 15 24 25 35 
23 M 48 I 10 10 20 27 14 13 19 25 13 
24 M 44 I 6 7 23 15 1:4 12 24 18 183 
25 F 31 II 5 7 30 21 1:9 15 26 18 0 
26 F 21 II 4 6 25 12 13 10 29 31 63 
Mean 57 T0 22:9 20:3 2:0 12:9 23:9 224 49-0 
+SEM +0°8 +0°6 £19 +22 £03 +07 +12 +21 +286 





IVS, interventricular septum; MV, mitral valve; LVPW, left ventricular posterior wall; ESD, end-systolic dimension; IVS-C, septal-mitral valve 
distance; DCR, diastolic closure rate of the mitral valve; SAM, systolic anterior movement of the mitral valve; MSCAV, mid-systolic closure of 
the aortic valve; LA, left atrium; (P), paradoxical septal motion; LBBB, left bundle-branch block; SR, sinus rhythm; AF, atrial fibrillation; 
LVH, left ventricular hypertrophy EDP, end-diastolic pressure; NON, non-obstructive; L, labile obstructive; R, resting obstructive. 
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site. In our study the presence of systolic anterior 
movement of the mitral valve and/or mid-systolic 
closure of the aortic valve were inversely correlated 
with ventricular tachycardia (Fig. 7). This is 
consistent with our natural history study in which 
an overall worse prognosis was found in the patient 
who had no resting or provokable gradient at the 
follow-up haemodynamic study.? 

It has been previously postulated that loss of 
outflow tract obstruction may be associated with 
impairment of contractile function and may indicate 
progression of the disease." This concept was 
supported by previous histological studies where 
the typical findings of the alteration in the shape of 
the muscle cells and the abnormalities of myo- 
fibrillar structure and orientation are present in the 
ventricular septum," but are either absent or rarely 
found in muscle from the left and right ventricular 
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Fig. 7 Systolic anterior movement of the mitral valve 
(SAM) and mid-systolic closure of the aortic valve 

( MSCAV). VT, ventricular tachycardia; VES, 
ventricular extrasystoles. 
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free walls in the patients with obstruction. In 
contrast, many abnormal cells were extensively 
present in the left and right ventricular free walls 
in seven of eight patients without obstruction,” 
suggesting that extensive involvement of the free 
walls of the ventricles as well as the septum is 
limited to the patients without obstruction. Our 
result that echocardiographic features of obstruc- 
tion were inversely correlated with ventricular 
tachycardia and risk of sudden death fits in with 
this concept that patients with gradients have more 
circumscribed and less widespread disease than 
those without obstruction. 

In this study there was no correlation between 
serious ventricular arrhythmia and ventricular 
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Fig. 8 Type of septal motion seen in the three groups of 
patients. VT, ventricular tachycardia; VES, ventricular 
extrasystoles, 
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septal thickness. Ventricular septal systolic thicken- 
ing just below the plane of the mitral valve and the 
septal amplitude of motion at chordal level best 
correlated, however, with serious ventricular ar- 
rhythmia. Assessment of the ventricular septal 
amplitude of motion at one level can provide only 
limited information about the overall function and 
degree of involvement of the ventricular septum. 
The changes in septal motion at different levels in 
hypertrophic cardiomyopathy recorded by a con- 
tinuous sweep from the base towards the apex have 
previously been demonstrated. The septal ampli- 
tude of motion and systolic septal thickening have 
been studied by several investigators,*—*> but none 
has previously attempted to assess septal motion at 
different levels. Histologically, the ventricular 
septum is the part of the heart which is most 
frequently involved and which shows the most 
severe changes and that is why we examined the 
whole length of the septum in order to describe its 
function in toto and not just at one site. The septal 
amplitude of motion was measured just below 
mitral valve level and at chordal level. Six different 
patterns of septal motion could be described (Fig. 
3 and 8): 86 per cent of patients without serious 
ventricular arrhythmia showed normal (type I) or 
nearly normal (type II) patterns of septal motion, 
whereas severely impaired septal motion at both 
levels (type IV, V, and VI) was present in 75 per 
cent of the patients with ventricular tachycardia; 
64 per cent of patients with serious ventricular 
arrhythmia showed moderately impaired septal 
motion (type IIT). 

Paradoxical septal motion (type VI) appears to 
indicate the most severe form of ventricular septal 
dysfunction. It was found only in three patients; 
two have died suddenly and all three had ventricular 
tachycardia (Table: cases 1 to 3). The echocardio- 
grams of the patients with ventricular tachycardia 
showed features of severity; (1) decreased septal 
amplitude of motion or paradoxical motion pro- 
gressively along the septum from the base toward 
the apex; (2) conspicuously decreased septal systolic 
thickening. 

Precise electrophysiological studies on these 
patients have not been performed and we are 
unable to determine the origin of the ventricular 
tachycardia from ambulatory electrocardiographic 
monitoring. Theoretically, extensive involvement of 
the ventricular septum by the myopathic process 
wil provide an ideal locale for the initiation of 
re-entry circuits, but this remains to be investigated. 

In conclusion, two indicators of ventricular 
septal function, amplitude of motion at chordal 
level and septal systolic thickening, best predicted 
serious ventricular arrhythmia. Two of three 
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patients who had paradoxical septal motion died 
suddenly, but because of the presence of possible 
other explanations for paradoxical septal motion 
we hesitated to emphasise this correlation between 
paradoxical septal motion and sudden death. 
Additional information was obtained by a con- 
tinuous sweep recording of the septum from the 
base toward the .apex. This provided further 
assessment of septal function. The echocardio- 
graphic features of obstruction, systolic anterior 
movement of the mitral valve and mid-systolic 
closure of the aortic valve, were inversely correlated 
with ventricular tachycardia. 


'This work was carried out with the aid of a grant 
from the British Heart Foundation. 
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Major venous thrombosis: a complication of 
transvenous pacemaker electrodes 


HENRYK KRUG, FRANCISZEK ZERBE 


From the Department of Cardiology, Medical Academy, Poznan, Poland 


SUMMARY Two patients with transvenous permanent pacemakers developed thrombosis and occlusion 
of the superior vena cava around a broken pacing wire, with clot extending into the innominate, 
subclavian, and axillary veins. Both patients had symptoms and signs of the superior vena cava syndrome 
which failed to resolve despite anticoagulant and thrombolytic treatment. Obstruction to venous flow, 
however, was relieved in large measure by the development of collateral venous channels. One of the 
patients has shown mild symptoms for two years and the other for two months of follow-up. It is 
suggested that anticoagulant prophylaxis should be given to all patients with a broken wire which 


cannot easily be removed. 


Common complications of permanent transvenous 
pacing include displacement of electrodes from the 
original contact points, infection at the site of the 
generator and of the wire track, cardiac perforation, 
an increase of pacing threshold caused by fibrosis 
around the electrode tip, and intravascular migration 
of severed electrodes.1 Major venous thrombosis 
resulting from endocardial pacing electrodes occurs 
rarely. Thé two patients reported here developed a 
chronic superior vena cava syndrome secondary to 
progressive thrombosis around the broken trans- 
venous pacemaker electrode. Both had two pacing 


wires within the cardiovascular system: the new . 


wire and the one that had been implanted previously 
which was broken and remained firmly attached to 
the right ventricle with the proximal end lying free 
in the superior vena cava. The patients showed 
neither resolution of the thrombus nor recanalisation 
of the involved vessels after anticoagulant and 
fibrinolytic treatment. Restoration of adequate 
venous flow occurred spontaneously with the 
development of collateral venous channels. 


Case reports 


CASE 1 

A 54-year-old woman was admitted to the hospital 
in February 1977 with two months’ history of 
swelling of the face, chest, and arms. The patient 
had a transvenous pacemaker implanted in Decem- 
ber 1974 for sick sinus syndrome. Two weeks 
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later she underwent an operation because of loss 
of stimulation. At operation the pacing wire (LEM 
603) was found to be damaged near the connection 
to the pulse generator. An attempt was made to 
remove the wire, but the distal 24 cm remained in 
the right ventricle, right atrium, and superior vena 
cava. A new pacemaker wire was inserted into the 
right ventricle through the right external jugular 
vein. The postoperative course was uneventful and 
the patient was discharged with a normally function- 
ing pacemaker. 

When the patient was readmitted she was 
complaining of headache and dyspnoea on effort. 
There was oedema and cyanosis of the face, neck, 
right arm, and upper part of the chest. The external 
jugular veins were distended, and venous engorge- 
ment was present in the upper arm and the 
pectoral region. The blood pressure was 140/ 
80 mmHg, and the pulse rate 72/min and regular. 
The chest x-ray film confirmed the presence of the 
pacing wire and the broken wire. Blood chemistry 
was normal except for a prolonged euglobulin lysis 
time to 320 min (normal 231 +66 min). A clinical 
diagnosis of occlusion of the superior vena cava was 
made and heparin (5000 units) was administered 
intravenously every four hours. There was no 
improvement within one week of anticoagulation. 
Venography showed thrombosis in the right and 
proximal portion of the left innominate vein and 
the superior portion of the superior vena cava, and 
there was evidence of collateral circulation through 
the superficial and deep veins of the neck to the 
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azygos vein (Fig. la). The patient was placed on a 
regimen of streptokinase—a starting dose of 
250 000 units intravenously followed by a main- 
tenance dose of 100 000 units/hour over the next 
92 hours in a continuous infusion. This produced a 
satisfactory fibrinolytic state: lysis time was 
shortened to 10 to 20 minutes. Long-term anti- 
coagulant treatment with heparin was started 
simultaneously. The drug was subsequently changed 
to dicoumarol and the treatment was continued. 
Within 48 hours after streptokinase had been 
started oedema of the face and neck diminished 
moderately, but swelling of the right arm remained. 
Venography was not performed. 

In May 1977 she underwent a successful replace- 
ment of the pacemaker generator. In December 
1977 she was admitted to the hospital for re- 
evaluation. Physical examination showed only slight 
swelling of the face and arms. Venography showed 
progressive thrombosis in the superior vena cava 
extending into both innominate and subclavian 
veins and the left axillary vein, as compared with 
the former examination (Fig. 1b). The development 
of collateral venous channels was also seen. The 
patient was treated with urokinase, an intravenous 
loading dose of 7200 CTA units/kg body weight 
over 10 minutes, followed by a maintenance dose 
of 3600 CTA units/kg per hour over six hours in a 
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continuous infusion. The treatment was then 
continued with streptokinase 100 000 units hour 
over 72 hours, followed by heparin and long-term 
anticoagulation with dicoumarol and dipyridamole. 
Recanalisation of major veins was not achieved. 
The patient has shown mild symptoms for two 
years of follow-up and has required diuretics twice 
a week. 


CASE 2 

This 72-year-old man was admitted to hospital in 
November 1978 because of swelling of the face and 
arms for 10 days. He had a transvenous pacemaker 
implanted three years before admission for com- 
plete heart block. Eleven months before admission 
there was loss of stimulation because of an increase 
in the pacing threshold. An attempt was made to 
remove the electrode which resulted in breakage of 
the wire. The broken wire remained attached to 
the right ventricle with the proximal end lying free 
in the superior vena cava. A new electrode was 
placed into the right ventricular apex through the 
right jugular vein. The patient was discharged with 
a normally functioning pacemaker. On the present 
admission he complained of headache and dyspnoea 
on exertion. His face was oedematous and cyanotic, 
the external jugular veins were distended, and the 
arms were swollen. Blood pressure was 130 70 





Fig. 1 Case 1. (a) Superior venacavogram taken before treatment showing complete occlusion of the superior vena c wa 
up to the junction of the azygos vein as well as of the right innominate, subclavian, and proximal portion of the left 


innominate vein. Collateral circulation from the neck veins to the azygos system. 


(b) Ten months later, occlusion 


extended into the innominate system, both the subclavians, ond the left axillary vein. Venous collateral circulation 


increased. 
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mmHg, and the pulse rate 72/min and regular. 
Electrocardiogram showed a normally functioning 
pacemaker. Chest x-ray film showed slight cardiac 
enlargement and the presence of the working 
electrode as well as the broken wire. Venography 
showed complete occlusion of the superior vena 
cava, innominate system, and proximal portion of 
the subclavian veins, with multiple collateral veins 
in the axilla, chest wall, and neck (Fig. 2). The 
patient was treated with heparin for two days 
followed by streptokinase in an initial dose of 
250 000 units and a maintenance dose of 100 000 
units/hour over 96 hours in a continuous intravenous 
infusion. During this time oedema of the face and 
arms decreased. Venography performed three weeks 
after fibrinolytic treatment showed no recanalisation 
of the vessels. Collateral circulation was well 
developed. Long-term anticoagulant treatment has 
been continued, and the patient has shown mild 
symptoms for two months of follow-up and has 
required diuretics once a week. 


Discussion 


Thromboembolism is a rare but potentially life- 
threatening complication of transvenous cardiac 
pacemakers. So far only a few cases have been 
reported, with thrombosis of the axillary, sub- 
clavian, and innominate veins or of the superior 
vena cava," and fatal pulmonary embolism 
resulting from thrombosis in the right heart and 





Case 2. Total occlusion of the superior vena 
cava, innominate system, and the proximal portion of 
subclavian veins, with collateral circulation through the 
neck and chest wall veins. Note the presence of the 
broken pacemaker svire in the superior vena cava. 


Fig. 2 
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major veins.” 7 Crook er al.* reviewed a series of 
125 patients on permanent transvenous pacing and 
found occlusion of the subclavian vein in only 
three of these patients. Subclinical thrombosis, 
however, may occur frequently as a result of pace- 
maker insertion. A venographic study by Balau 
et al.” in 49 patients, after pacemaker insertion 
through the cephalic vein, showed radiological 
evidence of thrombi in 14, but only three of them 
developed oedema of the arm. A recently reported 
venography study" in 34 patients showed partial or 
total obstruction of the innominate or subclavian 
veins in 22. Collateral circulation was well developed 
in most of them. The superior vena cava syndrome 
secondary to thrombosis along the course of the 
pacing wire may be encountered immediately or 
as late as 15 months after pacemaker insertion. 
Most of these patients respond well to heparin or 
to streptokinase treatment, particularly when 
recognised early.? + !! 

Our two patients developed symptomatic major 
venous thrombosis around the broken electrode 
wire as late as 11 months and three years after 
pacemaker insertion, respectively. In both instances 
the remnant of the electrode which we failed to 
remove served as a continuous trigger for thrombus 
formation. Damage to the endothelium of the sup- 
erior vena cava caused by persistent movement of 
the broken wire firmly attached to the beating heart 
could have been the major predisposing factor. 

Initially, case 1 had thrombotic occlusion of the 
superior vena cava as well as the right and a short 
proximal portion of the left innominate vein. 
Clinical onset, however, was silent and the superior 
vena cava syndrome developed gradually over two 
months. Streptokinase treatment instituted at the 
time of advanced organisation failed to resolve the 
thrombi. Despite long-term anticoagulant prophy- 
laxis thrombosis was progressive. Venography at 10 
months of follow-up revealed extension of the 
thrombosis into both innominate and subclavian 
veins and the left axillary vein. Because of active 
thrombosis another course of fibrinolytic treatment 
with urokinase followed by streptokinase was 
administered but recanalisation of the vessels was 
not achieved. Fibrinolytic treatment was also not 
effective in the second patient who had shown signs 
and symptoms of the superior vena cava syndrome 
for two weeks before streptokinase was started. 
Obstruction to venous flow, however, was relieved 
in great part in both patients by the development of 
collateral circulation. 

As experience with fibrinolytic treatment in 
venous thrombosis has been accumulated it has 
become clear that this treatment effectively lyses 
clots of recent origin. Occasionally even clots of 
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more than 10 days’ existence may be lysed, but the 
success of treatment is, in general, inversely 
proportional to the age of the clot.!?^ Successful 
streptokinase treatment, however, was reported in 
chronic arterial occlusive disease, provided organisa- 
tion of thrombi is greatly delayed. Though 
treatment with streptokinase carries a risk of 
excessive bleeding and is generally unsuccessful in 
long-lasting thrombosis, we applied this form of 
treatment because of clinical suspicion that the 
thrombosis was still active, and in the hope of 
reducing the extension of venous occlusion. 

Review of our two cases clearly indicates that 
there is a definite risk of major venous thrombosis 
after pacemaker insertion if a broken pacing wire 
is retained in the cardiovascular system. We believe 
that all patients with a broken wire, which cannot 
easily be removed, should be on long-term anti- 
coagulant therapy. 
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Conduction defects and mitral annulus calcification 
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SUMMARY The incidence of conduction defects in patients with mitral annular calcification was studied 
in 104 patients and 121 matched controls. The patients comprised 49 men and 55 women, whose ages 
ranged from 42 to 90 years, with a mean of 704-9 (3- SD). The control group consisted of 121 patients 
without mitral annular calcification, whose ages ranged from 50 to 90 years, with a mean of 68 4-8 (+ SD); 
there were 61 men and 60 women. Atrial fibrillation with a slow ventricular response, atrioventricular, 
or fascicular block were found in 73 patients (70%) with mitral annular calcification (37 men and 36 
women) compared with 41 patients (34%) in the control group (24 men and 17 women). Of the 53 
patients with isolated calcification of the posterior mitral annulus, 36 (68%) had conduction defects. 
Both anterior and posterior mitral annular calcification were present in 43 patients, and 29 (67%) of 
these had conduction defects. Sixty-eight patients had both mitral annular calcification and aortic 
calcification and 49 (72%) had conduction defects. In the control group, 20 patients had aortic 
calcification and only seven (3595) had conduction defects. T'hus, a significantly increased incidence of 
conduction defects is present in patients with mitral annular calcification when compared with controls, 
and this is uninfluenced by sex. The incidence of conduction defects with posterior mitral annular 
calcification is similar to that found with combined anterior and posterior mitral annular calcification. 
Aortic calcification, either alone or with mitral annular calcification, is not associated with an increase 


in the incidence of conduction defects. 


Calcification of the mitral valve annulus is generally 
considered a degenerative process. Various patho- 
logical and clinical studies*-® have noted a high 
incidence of such calcification in the elderly 
and its frequent association with murmurs, cardiac 
failure, and conduction defects, and have empha- 
sised the striking distortion of the anatomy of the 
left ventricle, left atrium, and mitral valve apparatus 
by massive mitral annular calcification. Its clinical 
detection in the past was based upon the presence 
of a C- or J-shaped density within the cardiac 
silbouette on chest x-ray films or at fluoroscopy, 
but recently echocardiography has been shown to 
be the more sensitive tool.' With the widespread 
use of echocardiography, therefore, more patients 
with mitral annular calcification are being detected, 
and this apparent increase in the incidence may be 
attributed to the diagnostic sensitivity of the 
investigation as well as to the number of echo- 
cardiograms now being performed. Though the 
association of mitral annular calcification and 


cardiac conduction defects is recognised,! 871 the ` 
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true incidence of the latter remains uncertain and 
the purpose of this study was to determine it. Since 
mitral annular calcification occurs predominantly 
in the elderly, who are more likely to have cardiac 
disorders and conduction defects, we also studied 
a control group. 


Subjects and methods 


Consecutive echocardiograms performed at our 
institution from 1974 to 1978 were reviewed. One 
hundred and four patients with mitral annular 
calcification were found (group 1); 121 patients 
without mitral annular calcification, who were 
similar to group 1 patients with regard to age and 
sex distribution, were selected as controls (group 2). 
The outpatient and hospital records of these patients 
provided the clinical data, and the incidence of 
cardiac conduction defects was obtained from an 
analysis of all the available surface electrocardio- 
grams, undertaken independently without know- 
ledge of the echocardiographic findings. 
Echocardiograms were obtained with a com- 
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mercially available ultrasonograph using a 1:27 cm, 
2:25 MHz, medium-focused transducer, and a strip 
chart recorder. Posterior mitral annular calcification 
was identified when a dense echo, greater than 
3mm in width, was shown anterior to the left 
ventricular posterior wall, and moving parallel with 
it (Fig.). In addition, the longitudinal sweep of the 
transducer showed cephalad termination of the 
echoes at the atrioventricular junction. When the 
transducer was directed caudally, the echoes from 
the mitral annular calcification faded into the 
echoes of the posterior left ventricular wall. 
Anterior mitral annular calcification was identified 
when the scans from the left ventricle to the aortic 
root disclosed a continuous band of echoes at the 
level or plane of the anterior mitral valve leaflet, 
both in systole and diastole. The anterior mitral 
annular calcification and the mitral valve leaflet 
were in continuity with the posterior wall of the 
aortic root. 

Aortic calcification was recognised when thick 
bands of echoes were seen within the aortic root 
walls both in systole and diastole. The presence of 
echoes consistent with aortic calcification, however, 
was not necessarily associated with aortic valvular 
calcification or with a reduction in the maximal 
systolic opening of the aortic valve leaflets. 

In the electrocardiograms atrioventricular and 
fascicular blocks were diagnosed using standard 
criteria.'* !! An intraventricular conduction defect 
was diagnosed in the presence of a QRS duration 
equal to or greater than 120 ms but not meeting 
the criteria for complete right or left bundle-branch 
block. Atrial fibrillation and/or flutter with a slow 
ventricular response (defined as less than 60 beats/ 
minute) was considered significant only if drugs 
were not being given. 

Statistical analysis was performed using 7? and 
Student's t test whenever appropriate. 
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Results 


The clinical data of the 104 patients in group 1 
and the 121 patients in group 2 are summarised in 
'Table 1. The age range was 42 to 90 years, with a 
mean of 70 (SD —9) in group 1 and 50 to 90 years, 
with a mean of 68 (SD —8) in group 2. There were 
49 men and 55 women in group | and 61 men and 
60 women in group 2. Echocardiography was 
performed for a cardiac murmur in 66 patients in 
group 1 and 58 patients in group 2, and to evaluate 
left ventricular function in 29 patients from group 1 
and 54 from group 2. Nine patients in each group 
underwent echocardiography for miscellaneous 
reasons, such as pericardial effusion, atypical chest 
pain, and the detection of a possible source of 
systemic emboli. 

A systolic ejection murmur along the left sternal 
border or at the second right intercostal space 
suggesting left ventricular outflow tract obstruction 
or an aortic valve origin was present in 67 
patients in group 1 and 54 patients in group 2. 
A holosystolic murmur heard best at the apex and 
consistent with mitral regurgitation was present in 
17 patients in group 1 and 21 patients in group 2. 
Ten patients in group 1 and 11 patients in group 2 
had an early diastolic decrescendo murmur along 
the left sternal border consistent with aortic 
regurgitation. A mid-diastolic murmur at the apex 
with or without presystolic accentuation suggestive 
of mitral stenosis was present in seven patients in 
group | and four patients in group 2; in none of 
these patients, however, was there the anterior 
motion of the posterior leaflet of the mitral valve 
characteristic of rheumatic mitral stenosis. Eleven 
patients in group 1 and nine patients in group 2 
had a combination of two or more murmurs. 

Twenty-six patients in group 1 and 37 in group 2 
had hypertension. Diabetes mellitus was present in 





TEM 


Fig. Echocardiogram. AOC, aortic wall calcification; PM AC, posterior mitral annular calcification; AMAC, 


anterior mitral annular calcification. 
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Table 1 Clinical findings 


Nair, Runco, Everson, Boghairi, Mooss, Mohiuddin, Sketch 





Age (y) 





Associated conditions Murmurs Cardiomegaly 
(X +SD) Total MM ————— 
Men Women AODM Hypn CHD RHD AS. AR MS MR X-ray Echo 

Group 1 22 19 41 5 10 li H 23 2 3 9 35 31 
(62 +7) 

<70 
Group 2 35 28 63 6 23 28 5 25 5 2 13 33 35 
(62 +6) 
Group 1 27 36 63 ri 16 19 2 44 8 4 8 42 44 
(76 +6) 

270 
Group 2 26 32 58 6 14 20 2 29 6 2 8 32 28 
(75 +4) 
Group 1 49 55 104 12 26 30 3 67 10 7 17 77 75 
(70 x9) 

Total 
Group 2 61 60 121 12 37 48 7 54 11 4 21 65 63 
(68 +8) 





X, mean age; AODM, adult onset diabetes mellitus; AR, aortic regurgitation; AS, aortic stenosis; CHD, coronary heart disease; 
Echo, echocardiogram; Hypn, hypertension; MR, mitral regurgitation; MS, mitral stenosis; RHD, rheumatic heart disease; 


SD, standard deviation. 


12 patients in each group. Thirty patients in group 1 
and 48 in group 2 had coronary heart disease. A 
history of rheumatic fever was present in only three 
patients of group 1 and seven of group 2 (Table 2). 

Cardiomegaly detected by a cardiothoracic ratio 
on chest x-ray greater than 50 per cent was present 
in 77 patients in group 1 and 65 in group 2. Echo- 
cardiography showed. that 48 patients in group 1 
and 46 patients in group 2 had left atrial enlarge- 
ment, 53 patients in group 1 and 49 in group 2 had 
left ventricular enlargement, 26 patients in group 1 
and 30 in group 2 having both. 

The types of conduction defects identified in 
groups 1 and 2 are summarised in Tables 3 and 4. 
Seventy-three of the 104 patients in group 1 had 
them, an incidence of 70 per cent (27 men and 36 


Table 3 Correlation of conduction defects with age and sex 


Table 2 Correlation of associated conditions and 
conduction defects 





Patients with Patients without 








Associated MAC (104) MAC (121} 
conditions 

CD(73) = NCD(31) CD(41) NCD(80) 
Hypertension 18 (24%) 8 (26%) 13 (32%) 24 (0%) 
Diabetes 9 (12%) 3 (10%) 4 (10%) 8 (10%) 
CHD 23 (31%) 7 (23%) 13 (32%) 35 (43%) 
RHD 23%) 16%) 2 (5%) 5 (6%) 
Total 52 (70%) 19 (62%) 32 (79%) 72 (89%) 





CHD, coronary heart disease; CD, conduction defect; MAC, 
mitral annular calcification; NCD, no conduction defect; RHD, 
rheumatic heart disease. 


women). There were 53 patients with isolated 
calcification of the posterior mitral annulus. Thirty- 





























Total Patients 
Sex Age AFCSVR 1° AVB 2° AVBMI* 3 AVB RBBB LBBB LAHB IVCD patients with CD 
oy —— —— ——— 
1.2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2t 
« 70 9 5 1 5 0 0 2 1 0 0 2 4 3 3 3 1 22 35 16 14 
Men 
270 8 5 4 2 1 0 2 0 1 0 6 2 7 2 2 1 27 26 21 10 
<70 9 1 7 1 2 0 0 1 0 2 0 2 0 2 2 1 0 19 28 13 5 
Women 
z70 1l 6 7 1 0 0 3 0 2 1 9 I1 6 2 0 1 36 32 23 12 
Total 37 17 13. 10 1 0 8 1 5. 1 19 7 18 9 6 3 104 121 73 41 





AF € SVR, atrial fibrillation with slow ventricular response; AVB, atrioventricular block; CD, conduction defect; IVCD, intraventricular 
conduction defect; LAHB, left anterior hemiblock; LBBB, left bundle-branch block; M1, Mobitz 1; RBBB, right bundle-branch block; 
1, patients with mitral annular calcification; 2, patients without mitral annular calcification. 

* None of the patients had Mobitz 2, 2? AVB in either group. + Some patients with more than one conduction defect. 
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Table 4 Correlation of conduction defects with type of calcification 














Type of calcification No.of Patients AFG SVR 1° AVB 22 AVB 3 AVB RBBB LBBB  LAHB IVCD Combined 
patients with CD M1* 
Ant MAC 8 8 1 4 0 1 0 3 2 1 3 
Post MAC 53 36 18 6 1 5 0 10 6 4 14 
Ant and post MAC 43 29 18 3 0 2 5 6 10 i 12 
Total 104 73 37 13 1 8 5 19 18 6 29 
MAC and AOC 68 49 19 11 1 4 4 16 12 4 20 
AOC only (group 2) 20 7 4 l 0 0 1 2 3 0 3 





AF Ë SVR, atrial fibrillation with slow ventricular response; Ant, anterior; AOC, aortic calcification; AVB, atrioventricular block; 
CD, conduction defect; IVCD, intraventricular conduction defect; LAHB, left anterior hemiblock; LBBB, left bundle-branch block; 
MAC, mitral annular calcification; M1, Mobitz 1; Post, posterior; RBBB, right bundle-branch block. 


* None of the patients had Mobitz 2, 2° AVB in either group. 


six of these (68%) had conduction defects (Table 4). 
Both anterior and posterior mitral annular calci- 
fication was present in 43 patients, and 29 (67%) 
of these had conduction defects. Isolated anterior 
mitral annular calcification was present in only eight 
patients. All of these were found to have conduction 
defects. Sixty-eight of the group 1 patients also 
had aortic calcification, and 49 (72%) of these had 
conduction defects. 

Of the 121 patients in group 2, only 41 (24 men 
and 17 women) had conduction defects, an incidence 
of 34 per cent compared with 70 per cent in group 1. 
Aortic calcification in the absence of mitral annular 
calcification was present in 20 patients in group 2. 
Seven of these (3595) had conduction defects, an 
incidence similar to that of the group in general. 

There were 41 patients in group 1 who were 
under the age of 70 (Table 1). Of these, 16 of the 
22 men (73%) and 13 of the 19 women (68%) had 
conduction defects, an overall incidence of 71 per 
cent. Of the 63 patients in group 1 over the age of 
70 years, 21 of the 27 men (78%) and 27 of the 36 
women (7595) were found to have conduction 
defects, an overall incidence of 76 per cent. In 
group 2, 63 patients were under 70 years of age. 
Of these, 14 of the 35 men (40%) and five of the 28 
women (18%) had conduction defects, an overall 
incidence of 30 per cent. Of the 58 patients in 
group 2 over the age of 70, 10 of the 26 men (38%) 
and 12 of the 32 women (38%) had conduction 
defects, an overall incidence of 38 per cent. Thus, 
in group 1 age and sex appeared to have no influence 
on the occurrence of conduction defects. 


Discussion 


Bónninger! first described mitral annular calcifica- 
tion as a pathological entity and pointed out its 
association with heart block. Since then, several 
reports describing the pathological and clinical 
features of mitral annular calcification have 
appeared.?-5 Pathological studies have shown that 


the deposits of calcium occur predominantly in the 
posterior portion of the annulus but may extend 
into the left atrium and left ventricle behind the 
mitral valve leaflets.45 The deposits of calcium may 
be extensive, 1 to 3 cm in diameter, and may encircle 
all or most of the mitral orifice. The calcium may 
extend as far as 3 to 4 cm into the adjacent myo- 
cardium. Calcific deposits may also extend into the 
membranous portion of the intraventricular septum 
in the vicinity of the bundle of His and its branches. 
Unlike secondary calcification in rheumatic heart 
disease, direct involvement of the mitral leaflets by 
these calcific deposits is infrequent. There have, 
however, been several cases of mitral annular 
calcification reported with commissural adherence 
of the mitral valve leaflets and calcific deposits in 
the anterior leaflet of the mitral valve as well as 
restriction of the motion of the posterior leaflets.'4 
Calcification of the aortic root has been a frequently 
associated finding in patients with mitral annular 
calcification, with an incidence as high as 74 per cent 
in one series.14 This is similar to the incidence of 
65 per cent noted in our own study. The murmur 
of mitral regurgitation has frequently been noted 
in patients with mitral annular calcification, and 
the mitral regurgitation is felt to be the result of 
interference with the normal function of the mitral 
valve apparatus, either because of the lack of normal 
sphincter action of the annulus as a result of 
pronounced calcification or because of distortion of 
the mitral valve leaflets caused by heavy deposits 
of calcium in them.? 14 More recently, mitral valve 
Obstruction with haemodynamically documented 
diastolic gradients across the mitral valve during 
diastole have been reported in four patients with 
massive mitral annular calcification. Though not 
proven, the mitral annular calcification may have 
been the source of many of the murmurs heard in 
our patients. However, the frequency of cardiac 
murmurs of all types, both systolic and diastolic, 
was similar in the patients without mitral annular 
calcification. 
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Clinically, three methods are available for the 
detection of mitral annular calcification. Firstly, the 
chest x-ray, which, in our experience, was poorly 
sensitive, 30/104 (31%). Secondly, there is image 
intensification fluoroscopy. This has been shown to 
have high sensitivity in diagnosing cardiac calcifica- 
tion.!5 !* Cardiac fluoroscopy and/or cineangiograms 
were available in 22 patients in group 1, and in all 
mitral annular calcification was detected. Lastly, 
many recent reports have described the usefulness 
of echocardiography.19-?5 

The incidence of mitral annular calcification has 
been reported to be 8 to 10 per cent in necropsied 
series over the age of 50 years and this incidence 
increases in a linear fashion with advancing age.4 
Though the majority of reported series of mitral 
annular calcification have shown a much higher 
incidence in women, as high as 3 or 4 to 1, our 
study disclosed an equal sex incidence. This is in 
agreement with the series of 87 cases reported by 
Perloff and Roberts*4 in which a similar sex distri- 
bution was also found. 

Several studies? ? ?6 have reported an increased 
incidence of mitral annular calcification in patients 
with diabetes mellitus and hypertension. Our study 
did not confirm this, nor was the incidence of 
coronary heart disease different in patients com- 
pared with controls. 

A number of previous reports had noted cardiac 
conduction defects associated with a calcified mitral 
annulus,} § 2°27 but the true incidence of them 
was uncertain. Our study showed cardiac conduc- 
tion defects in 70 per cent of 104 patients, a figure 
significantly greater than in the control group. 

Conduction defects are so common with mitral 
annular calcification probably because of the close 
association of the atrioventricular node and bundle 
of His to the cardiac fibrous skeleton.?? Others 
have suggested that the degenerative process within 
the mitral annulus may be associated with or 
accompanied by a “sclerodegenerative process" 
within the conduction system in these elderly 
patients.?? °° Though the exact mechanism under- 
lying atrial fibrillation is not certain, it has been 
suggested that the diffuse conduction system disease 
may interrupt inter- and intra-atrial conduction.?! 
We postulate that involvement of the atrio- 
ventricular node and/or His bundle by annular 
calcification may be responsible for the presence of 
the slow ventricular response in these patients. 

The incidence of conduction defects associated 
with calcification restricted to the posterior portion 
of the mitral annulus was similar to that found in 
patients having both anterior and posterior mitral 
annular calcification. Further, the presence of 
additional aortic calcification was not associated 
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with a statistically significant increase in this 
incidence. Isolated aortic calcification in the absence 
of mitral annular calcification was found in 20 
patients in group 2. The incidence of conduction 
defects in these patients was not significantly 
different from that found in the remainder of the 
group who did not have aortic calcification (35% 
versus 34%). All eight patients with anterior mitral 
annular calcification had conduction defects but 
the significance of this finding is uncertain because 
the number is small. 


Clinical implications 


Our study confirms the increased incidence of 
conduction defects in patients with mitral annular 
calcification, irrespective of age, sex, or associated 
conditions. Long-term follow-up studies are needed 
to determine how such conduction defects develop 
and progress. Patients with mitral annular calcifica- 
tion who do not have conduction defects in the 
surface electrocardiogram probably need closer 
observation and should be considered for ambulatory 
monitoring and/or electrophysiological investigation 
of the conduction system, especially if they have 
symptoms. 
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Autonomic effects on the human cardiac 


conduction system” 


Evaluation by intracardiac electrocardiography 
and programmed stimulation techniques 


A M TONKIN, P TORNOS, W F HEDDLE, H RAPP 
From the Department of Medicine, Flinders Medical Centre, Adelaide, Australia 


SUMMARY After right heart catheterisation in 20 subjects, aged 30 to 82 years, the techniques of 
intracardiac electrocardiography and programmed stimulation were used to determine variables of 
normal function of the sinuatrial node, atrioventricular node, and intraventricular conduction system. 
Specific attention was paid to autonomic influences on these variables. These were assessed by 
comparison of determinations made before and after cardiac autonomic block induced by intravenous 
atropine, 0-03 mg/kg, and propranolol, 0-15 mg/kg. 

` Sympathetic and larger depressant vagal effects on sinuatrial node function (sinus cycle length 
and sinus node recovery time after overdrive atrial pacing) were demonstrated. Autonomic effects on 
atrioventricular node conduction (AH interval and Wenckebach threshold to incremental right atrial 
pacing) were small, of similar magnitude (approximately 20% change), and opposing. Only significant 
vagal effects in increasing the effective and functional refractory periods of the atrioventricular node 
(pacing at 100 bpm) were demonstrated (approximately 15 and 12% change, respectively). The atrial 
effective refractory period, duration of the His bundle electrogram, and the HV interval were unchanged 
by either drug. Effects on refractory periods of the intraventricular conduction system could not be 
assessed because exact determinations were limited by refractoriness of the atrioventricular node. The 
QT interval with pacing at 100 bpm decreased significantly after atropine but was unchanged after 


propranolol. 


The techniques of intracardiac electrocardiography! 

and programmed intracardiac stimulation? ? have 

greatly increased the understanding of normal 

cardiac conduction. This has facilitated recognition 

of functional disorders of the sinuatrial node,‘ 

atrioventricular node, and specialised intraventricu- 
. lar conduction system. 

Sinuatrial node function may be assessed by 
measurement of the sinus node recovery time after 
a period of overdrive atrial pacing," and the 
sinuatrial conduction time after single induced atrial 
depolarisations.? The atrioventricular node and 
intraventricular conduction system may be assessed 
by measurement of intracardiac conduction times, 
the response to rapid atrial pacing,? and refractory 
periods using programmed stimulation.* 

* Supported by a grant-in-aid of the Life Insurance Medical 
Research Fund of Australia and New Zealand. 
Received for publication 27 November 1979 


The normal limits of these electrophysiological 
variables, however, have been imprecisely defined. 
It might be expected that this may reflect, at least 
in part, varíations caused by temporal changes in 
autonomic influences on the heart. This proposition 
was advanced by Jose and Taylor,!°!! who sug- 
gested that pharmacological block of cardiac 
sympathetic and parasympathetic efferent nerves by 
propranolol and atropine, respectively, allowed 
observation of the intrinsic heart rate. 

This present study aimed to apply Jose’s 
technique to quantify autonomic influences on 
normal automaticity of the sinuatrial node, atrio- 
ventricular node conduction and refractoriness, 
conduction in the intraventricular conduction 
system, and ventricular repolarisation (as assessed 
by the QT interval). To our knowledge, such 
systematic assessment by administration of both 
drugs to a large group of normal patients has not 
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been previously undertaken. It is expected that the 
observation of responses after autonomic blockade 
might allow the development of more sophisticated 
criteria for the recognition of abnormal function. 


Subjects and methods 


SUBJECTS 

Twenty subjects (12 men and eight women, aged 
30 to 82 years, mean age 62 years) were studied. 
Clinical features and investigations, including 
routine and prolonged electrocardiographic 
monitoring, had categorised the subjects into two 
groups. The first (six patients) had either regular 
narrow QRS tachycardias, observations during 
electrophysiology study suggesting that these were 
a result of ectopic atrial tachycardia (two), or re- 
entry involving the atrioventricular node (one), or 
they presented with palpitation with no documented 
or inducible tachycardias (three), The second group 
(14 patients) had dizzy spelis but no apparent 
cardiac abnormality clinically or during electro- 
physiology study. Patients with manifest sick sinus 
syndrome or atrioventricular conduction abnor- 
mality, with other medical conditions which contra- 
indicated the use of atropine or propranolol, or 
with angina which might have been induced by 
rapid atrial pacing, were specifically excluded. In 
each case, catheterisation was only performed when 
the electrophysiology study was considered to be 
clinically indicated. Written informed consent was 
obtained after full explanation of the procedure. A 
full matrix of data was not obtained. Results relate 
to the total group of 20 patients unless stated. 


CATHETERISATION TECHNIQUES 

Cardioactive drugs were discontinued for at least 
five elimination half-lives. Patients were fasted on 
the morning of their study and were not routinely 
sedated. Rarely, intravenous diazepam 2:5 to 5 mg 
was given in a bolus injection during the procedure. 

Electrode catheters were introduced  per- 
cutaneously into the femoral veins and advanced 
under fluoroscopic control to intracardiac sites. 

(a) A quadripolar catheter was sited in the high 
lateral right atrium in the vicinity of the sinuatrial 
node. The proximal and distal electrode pairs were 
used for recording of the high right atrial electro- 
gram and for atrial stimulation, respectively. 

(b) A tripolar catheter was sited across the 
tricuspid valve to record the His bundle electrogram. 

(c) A bipolar catheter was advanced to a right 
ventricular site where ventricular pacing could be 
immediately initiated. 

Intracardiac electrograms were obtained by 
filtering out frequencies below 50 Hz and above 
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500 Hz. Simultaneous recordings of electrocardio- 
graphic leads I, II, and VI, and high right atrial, 
medial right atrial, His bundle, and right ventricular 
electrograms were made concurrently on a 0:5 in 
magnetic tape with play-back facilities (Ampex) 
and on a six-channel direct writing recorder 
(Elema Mingograph E 141E/A) at paper speed 
100 mm/second. 

Intracardiac stimulation was performed using a 
programmable stimulator (Devices Neurolog) that 
delivered impulses of 2 ms duration and voltage 
output approximately twice diastolic threshold 
The stimulator enabled both fixed rate cardiac. 
pacing at variable rates and introduction of atrial 
premature beats after every eight atrial paced beats. 

During each of the three periods, before drugs, 
after atropine or propranolol, and after both drugs 
(atropine + propranolol or propranolol + atropine), 
the following measurements were made. 

(a) Intracardiac conduction intervals: 

(i) Basic sinus cycle length (ms); 

(8) AH interval (ms) measured from the 
high-frequency deflection of the medial 
right atrial electrogram (A) to the onset 
of His bundle depolarisation (H). This 
interval is a measure of atrioventricular 
nodal conduction time; and 

(iii) HV interval (ms) measured from the 
onset of H to the earliest onset of ventri- 
cular activation from any surface electro- 
cardiographic lead or the right ventricular 
electrogram (V). 'This measures conduc- 
tion time through the His-Purkinje 
tissue. 

(b) The sinus node recovery time measured as 
the time for recovery of spontaneous sinus node 
activity after 60 seconds of overdrive high right 
atrial pacing. Sinus node recovery time was 
measured between the high-frequency deflections 
of the relevant high right atrial electrograms, and 
determined five times at each of two atrial pacing 
rates, 100 and 130 bpm. Determinations were 
discarded when a junctional escape beat terminated 
the post-pacing pause. The pooled means of the 
five determinations for each patient at each pacing 
rate were used for statistical analysis of the effects 
of autonomic blockade. 

(c) The response to incremental high right atrial 
pacing. Pacing was started at a rate just greater than 
the inherent sinus rate and progressively increased 
by 10 bpm each 30 seconds until atrioventricular 
nodal Wenckebach resulted (Wenckebach threshold, 
in beats per minute). 

(d) The refractory periods of the cardiac con- 
ducting tissue as measured by the extrastimulus 
technique.? Determinations were made at the same 
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basic rate of atrial pacing, viz. 100 bpm. This 

elimated variations caused by the cycle length- 

dependence.of..cardíac-refractoriness.!*- - -> 

(i) Effective refractory period of the atrium = the 

longest coupling interval of an extrastimulus 
(S,S,) which failed to induce atrial depolarisa- 
tion; 

^ii) Effective refractory period of the atrioventricu- 
lar node — the longest coupling interval of an 
induced atrial depolarisation (A,A,) which 
failed to propagate to the bundle of His; 

(iii) Functional refractory period of the atrio- 
ventricular node = the shortest propagated 
response to the His bundle (H,H,) resulting 
from any coupling interval of the atrial 
extrastimulus; and 

(iv) Relative refractory period of the intraventricu- 
lar conduction system = the longest H,H, 
coupling interval which resulted in either 
aberrant intraventricular conduction (identified 
from the surface electrocardiogram leads), or 
prolongation of intraventricular conduction of 
the extrastimulus (H,V,). 

(e) The QT interval measured from the last beat 
of one minute right atrial pacing at rates 100 and 
130 bpm. This technique eliminated the need for 
correction of the QT interval for heart rate.!? The 
interval was averaged from the five sequences of 
atrial pacing and measured from the onset of the 
QRS complex to the time for return of the T wave 
to the isoelectric line.!^ Though three approxi- 
mately mutually perpendicular electrocardiographic 
leads were deliberately recorded, in general lead II 
was chosen for more precise measurements. 

For each of these measurements the limit of 
accuracy was considered to be 5 ms. 


DRUGS 

Atropine was administered in an intravenous bolus 
dose of 0-03 mg/kg then 0-006 mg/kg per 30 min, 
to produce vagal block. Electrophysiological mea- 
surements were started when sinus cycle length 
had decreased to a stable level, usually after two to 
three minutes. 

Propranolol was used to produce cardiac sym- 
pathetic block. The drug was given by intravenous 
administration of 1 mg/min to a total dose of 0-15 
mg/kg. When necessary, a subsequent dose of 
0-03 mg/kg was given 30 minutes later. Arterial 
pressure was monitored at each minute. Electro- 
physiological measurements were started 15 minutes 
after administration of the drug. 


STATISTICAL METHODS 
Determinations for all patients in each treatment 
period were pooled, and results expressed by mean 
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+ standard error of the mean. Student's t test for 
related variables was used for statistical analysis, a 
p value <0-05 being regarded as significant. 


Results 


The electrophysiological data obtained are sum- 
marised in the Table. 


Table Summary of electrophysiological variables before 
and after autonomic block (propranolol plus atropine 
or atropine plus propranolol) 





Variable Resting Autonomic 
blockade 
Sinus cycle length (ms) 929 +38 791 +34 
AH interval (ms) 78 x5 TI x5 
SNRT (RAP 100 bpm) (ms) 1121 x41 928 +42 
SNRT (RAP 130 bpm) (ms) 1079 +40 955 +40 
Wenckebach threshold AV node (bpm) 157 +7 158 +6 
ERP AV node (RAP 100 bpm) (ms) 298 +19 277 414 
FRP AV node (RAP 100 bpm) (ms) 408219 389 +18 
QT interval (RAP 100 bpm) (ms) 334 +3 325 x5 
QT interval (RAP 130 bpm) (ms) 31444 304 +5 





SNRT, sinus node recovery time; ERP, effective refractory period; 
FRP, functional refractory period; RAP, right atrial pacing. 


SINUS CYCLE LENGTH AND INTRACARDIAC 
CONDUCTION INTERVALS 

The effects of cardiac autonomic block on sinus 
cycle length in all 20 patients are shown in Fig. 1. 
Vagal effects could be judged by the decrease in 
cycle length after initial atropine administration 
(mean decrease 356 ms, p<0-001) and after 
atropine administration in those who had already 
received propranolol (mean decrease 243 ms, 
p«0:001) Sympathetic effects, as judged by the 
increase in cycle length after initial propranolol 
administration (mean 89 ms, p «0-05) and after 
administration to subjects subsequent to atropine 
(mean 248 ms, p « 0-001), were of lesser magnitude. 
The mean cycle length after cardiac autonomic 
block of all patients was 791 +34 ms (p «0-01 for 
comparison with resting cycle length). 

In three subjects, decrease in sinus cycle length 
after atropine administration prevented complete 
determinations of other electrophysiological vari- 
ables (SNRT, atrioventricular node refractory 
periods, and QT interval after right atrial pacing at 
100 bpm). 

Similar treatment enabled analysis of autonomic 
effects on the AH interval. The AH interval was 
78 +5 ms before drugs, and 77 +5 ms after autono- 
mic blockade. Vagal and sympathetic effects were 
of similar magnitude. Atropine decreased the AH 
interval by 15 ms (p «0-01) in nine subjects who 
received the drug first and by 13 ms (p < 0-05) in 
another nine who had first received propranolol. 
Propranolol increased the AH interval by 11 ms 
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(p <0-05) in those nine subjects who received the 
drug first, and by 14ms (p<0-05) in the seven 
subjects who had already received atropine. The 
durations of the His bundle electrogram (19+ 
1-2ms) and the HV interval (4412-5 ms) were 
unchanged by administration of either drug. 


SINUS NODE RECOVERY TIMES 

There was no significant difference in sinus node 
recovery time after atrial pacing at 100 and 130 bpm, 
either before or after cardiac autonomic block. 
In Fig. 2, the effects of cardiac autonomic block on 
sinus node recovery time are shown. Atropine 
significantly decreased sinus node recovery time by 
approximately 497 and 398 ms with pacing at 100 
and 130 bpm, respectively, and in patients who 
had first received propranolol, by 320 and 291 ms 
at 100 and 130 bpm, respectively (p < 0-001 for all 
four treatments). Propranolol administration in- 
creased sinus node recovery time by 80 ms (NS) 
and 118 ms (p<0-025), with pacing at 100 and 
130 bpm, respectively, and in patients who had 
first received atropine, by 314ms (p<0-025) and 
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Fig. 1 Sinus cycle length before and after administration 


of first atropine (A) and then propranolol ( P) (to left) 
and of first propranolol and then atropine (to right). 
The number of subjects (n) and significance levels for 
each treatment period are shown. 
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Fig.2 Sinus node recovery time ( SNRT) before and 
after autonomic block. SNRT was assessed after right 
atrial pacing (RAP) at 100 bpm (a) and 130 bpm (b). 


289 ms (p«0-001) at 100 and 130 bpm, respec- 
tively. Vagal effects on sinus node recovery time, 
assessed by changes occurring after atropine 
administration, were therefore of greater magnitude 
than sympathetic effects, measured by changes 
after propranolol. Thus, sinus node recovery time 
after autonomic block was 928 --42 ms at 100 bpm 
and 955 4-40 ms at 130 bpm, both significantly less 
than before drugs (p«0-001 and p<0-005, 
respectively). 


WENCKEBACH THRESHOLD TO RIGHT ATRIAL 
PACING 

In the 16 patients studied, the right atrial pacing 
rate at which atrioventricular node Wenckebach 
developed (157 +7 bpm) was no different after 
administration of atropine and propranolol (158 +6 
bpm). Vagal and sympathetic effects respectively 
increased and decreased the Wenckebach threshold 
by- approximately 20 to 29 bpm (p<0-05 for all 
treatments). . 
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. REFRACTORY PERIODS 


-There -were-:no-'significant" effects: of: atropine: or- 
propranolol on atrial effective refractory periods 
(ERP) (245 +27 ms) in the 16 subjects tested. Exact 
determinations of the relative refractory period of the 
intraventricular conduction system were limited in 
all subjects by the functional refractory period 
(FRP) of the atrioventricular node. Because of this, 
autonomic effects on refractory periods of the 
intraventricular conduction system could not be 
assessed. 

The effective and functional refractory periods 
of the atrioventricular node were determined at the 
same basic pacing rate (100 bpm) in 12 subjects. 
In these, the effective refractory period of the 
atrioventricular node was decreased by atropine by 
43 ms (those receiving atropine first) and by 55 ms 
(those receiving propranolol first) (p < 0-05 for both 
treatments). No significant effects of propranolol 
were, however, demonstrated. Similarly, only 
significant vagal effects on the functional refractory 
period of the atrioventricular node were shown. 
The functional refractory period of the atrioventri- 
cular node was 408 +19 ms before drugs. This was 
decreased by 55 ms (p<0-05) in those initially 
receiving atropine, and by 41 ms (p < 0-05) in those 
receiving atropine subsequent to propranolol. 





QT INTERVAL 

The QT interval was significantly longer with 
pacing at 100 bpm (334+3 ms) than at 130 bpm 
(314 4-4 ms) (p<0-001). This difference persisted 
after autonomic block. Atropine was shown to 
decrease significantly the QT interval with pacing 
at 100 bpm (p « 0-01) but not at 130 bpm (Fig. 3). 
No significant effects resulted from propranolol 
administration. 


Discussion 


The doses of atropine and propranolol chosen to 
induce vagal and sympathetic block were 75 per cent 
of those thought to be necessary to completely block 
autonomic effects on heart rate.!! The difference in 
intrinsic heart rate in our subjects from those 
reported by Jose presumably may reflect these 
different doses. It is planned to compare this 
normal cohort with patients with disordered func- 
tion of the sinuatrial and atrioventricular nodes to 
develop more sophisticated criteria for recognition 
of abnormalities. Because of this, these lesser doses 
were chosen after preliminary studies as appropriate 
to minimise side effects in patients often of advanced 
age and with other cardiac disease. Other effects of 
atropine and propranolol, such as antagonism of 
the nicotinic action of acetylcholine at autonomic 
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Fig. 3 QT interval before and after autonomic block. 
Determinations are shown at right atrial pacing ( RAP) 
rates of 100 bpm (a) and 130 bpm (b). 


ganglia and production of a degree of cardiac 
sympathetic block by atropine,;5 and direct and 
reflex cardiac effects after peripheral adrenergic 
blockade by propranolol, were assumed to be 
unimportant. 

The choice as to whether atropine or propranolol 
was initially administered was not randomised. 
Instead, those patients with an initially longer sinus 
cycle length usually received atropine first. This 
attempted to minimise the incidence of tachycardia 
after atropine which would preclude determination 
of sinus node recovery time and refractory periods 
at an atrial pacing rate of 100 bpm. However, those 
patients with an initially longer cycle length before 
drugs had a longer cycle length after complete 
autonomic block. This suggested that the observa- 
tions reflected a normal distribution of intrinsic 
heart rates, and that equivalent vagal and sympathe- 
tic block was probably achieved. 

Autonomic effects on sinuatrial node function can 
be judged from examination of the effects of 
atropine and propranolol on cycle length and sinus 
node recovery time. For both variables, though 
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both vagal and sympathetic effects were significant 
and opposing, vagal influences were greater. These 
effects on cycle length have long been recog- 
nised.!"-1? Other electrophysiology groups” ?à! have 
examined autonomic influences on cycle length and 
'sinus node recovery time in patients with sick sinus 
‘syndrome. They showed a diminished responsive- 
ness of sinus cycle length and a distinct decrease?? 
in sinus node recovery time after atropine adminis- 
tration. Isoprenaline rather than propranolol was 
used to test sympathetic effects in these studies, 
both normal? and subnormal?! increase in sinus 
cycle length being reported. Though no normal 
controls were included in these studies, prolongation 
of the sinus node cycle length and corrected sinus 
node recovery time in normal subjects by 0-1 mg/kg 
propranolol have recently been reported. The 
vagal influence on normal sinus node recovery time 
has also been shown.?* However, in this study, a 
variable dose of atropine was given (1 to 2 mg, 
according to age) making quantitative analysis 
difficult. The decrease in sinus node recovery time 
after atropine may reflect not only enhanced 
automaticity, but a decrease in sinuatrial conduction 
time.” Indeed, occasionally a paradoxical lengthen- 
ing of sinus node recovery time is observed after 
atropine.*4 This presumably reflects reversal of 
sinuatrial entrance block and more complete 
‘suppression of the sinuatrial node with pacing. 
"This was not observed in any of our patients. 

No significant change in effective refractory 
period of the atrium was shown after autonomic 
block. Previous reports have been conflicting.?? ?5 
It may be surmised that any effects are probably 
small. 

Vagal and sympathetic effects on two variables of 
atrioventricular node function, AH interval and 
Wenckebach threshold, were counterbalancing. In 
absolute magnitude, the changes after either drug 
were relatively small. The observed normal values 
for effective and for functional refractory periods 
of the atrioventricular node are in close agreement 
with previously published results.12 Refractory 
periods of the atrioventricular node, however, were 
‘shown to be subject only to significant vagal effects. 
By contrast, Seides et a/.?5 were able to show a 
significant increase of the effective and functional 
Tefactory period of the atrioventricular node after 
the administration of intravenous propranolol 
(0-1 mg/kg). The explanation for the lack of 
demonstration of significant sympathetic effects in 
the present study, using a larger dose, is unclear. 

The aspects of intraventricular conduction 
studied were the HV interval and relative refractory 
period. No statement as to autonomic effects on the 
refractory periods can be made from the present 
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study. However, the absence of effect of atropine?* 
and propranolol?® on HV interval agrees "with" 
previous findings. 

'The observed effects of the drugs on the QT 
interval are clinically relevant. Variability of the 
QT interval is well recognised, but studies of the 
effects of autonomic interactions have been con- 
flicting." Beta-adrenoreceptor blocking agents are 
advocated to decrease QT in the treatment of 
ventricular arrhythmias associated with hereditary 
or drug-induced QT prolongation.?*? Paradoxically, 
isoprenaline is recommended for the treatment of 
torsade de pointes, a ventricular tachyarrhythmia 
associated with QT prolongation.? Anatomically, 
the opposing effects of right and left stellate nerve 
stimulation on the QT interval in experimental 
animals have been noted.?? This present procedure 
showed only small though statistically significant 
vagal effects on the normal QT interval, and no 
demonstrable changes after propranolol. Further 
examination of autonomic effects on the QT 
interval are apparently necessary. 


CLINICAL IMPLICATIONS 

This study has demonstrated significant vagal and 
sympathetic effects on clinical electrophysiological 
variables in a group of normal subjects. The 
implications for the need for measurement of these 
variables under steady state conditions, while 
patients are not subjected to factors such as pain 
and anxiety, are readily apparent. It is anticipated 
that abolition of autonomic influences might aid 
recognition of abnormal pathological conditions as 
distinct from variable physiological states. The 
proposition that the statistical power of the electro- 
physiological observations will be enhanced by 
autonomic blockade must, however, be examined 
by a prospective study comparing abnormal and 
control groups. 
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Effect of intracoronary glyceryl trinitrate on perfusion 
distribution in the collateralised human myocardium 
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SUMMARY The effect on myocardial perfusion distribution of intracoronary glyceryl trinitrate in a dose 
(60 ug) insufficient to cause alterations in systemic blood pressure or heart rate was studied in eight 
patients with angiographically demonstrated collaterals from the left coronary system to the distal 
right coronary artery. Double isotope imaging using technetium-99m and iodine-131 labelled albumin 
macroaggregates allowed each patient to serve as his own control. The reproducibility of the imaging 
and data handling techniques was shown in 12 control patients. Glyceryl trinitrate caused a significant 
diminution in the collateral-mediated fractional perfusion while increasing that of the native coronary bed. 


While there is general agreement about its peripheral 
actions, the direct effects of glyceryl trinitrate on 
collateral vessel mediated myocardial perfusion 
remain controversial. >’ Experimental, ^? and 
intraoperative? pressure and flow measurements, 
though providing useful data about the functional 
behaviour of the collateral bed, do not allow direct 
conclusions regarding myocardial perfusion. In 
this study myocardial imaging after intracoronary 
injections of technetium-99m and iodine-131 
labelled human albumin macroaggregates was used 
to determine the effect of intracoronary glyceryl 
trinitrate on myocardial perfusion distribution in 
eight patients with angiographically demonstrable 
left-to-right collaterals. The double isotope tech- 
nique allowed each patient to serve as his own 
control. 


Subjects and methods 


PATIENT POPULATION 

The study group consisted of eight patients (seven 
men, one woman) with a history of myocardial 
infarction. six or more months previously, who 
were submitted to selective coronary arteriography 
because of angina. Left ventriculography and selec- 
tive coronary arteriography were performed using 
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Renografin-76. Selective arteriography was per- 
formed using Judkins coronary catheters introduced 
percutaneously into the femoral artery by the 
Seldinger technique. Each patient's entry into the 
study was decided at the time of arteriography and 
was based on opacification of the distal right 
coronary artery via angiographically visible collateral 
vessels during selective injections of the left 
coronary system. All patients had either total 
(10095) or subtotal (99°) occlusion of the right 
coronary artery. Seven of the eight patients also 
had significant (5095) obstruction of the left 
anterior descending coronary artery and three of 
these had circumflex lesions as well. 


STUDY PROCEDURE 

The procedure was designed to allow each patient 
to serve as his own control. After completion of 
left ventriculography and selective coronary arterio- 
graphy, 10 minutes were allowed to elapse before 
injection of the macroaggregates. Previous studies 
have shown? that contrast medium-induced hyper- 
aemia subsides well within this time. Human 
albumin macroaggregates (mean particle diameter 
10 to 40 p) labelled with either 500 uC technetium- 
99m (**""T'c) or 100 uC iodine-131 (I) suspended 
in 2ml normal saline were used in each study. 
The order in which the two isotopes were ad- 
ministered was randomly chosen. The macro- 
aggregate suspension was well agitated before 
injection. After each injection the coronary catheter 
was flushed with 2 ml heparinised saline. Seconds 
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after injection of the first isotope into the left 
coronary artery, glyceryl trinitrate 60 ug was 
injected after which the catheter was withdrawn 
from the coronary ostium. The aortic pressure and 
heart rate were continuously monitored throughout 
the procedure. Thirty seconds after the glyceryl 
trinitrate injection, the catheter was repositioned in 
the left coronary ostium and the macroaggregate 
suspension bearing the second isotope was injected. 
Approximately 10 minutes after completion of the 
above procedures, simultaneous dual isotope 
myocardial imaging in the anterior, 45^ right and 
left anterior oblique (RAO and LAO), and left 
lateral views was performed using an Ohio Nuclear 
dual probe rectilinear scanner with 20 per cent 
energy windows around peaks at 140 and 370 kV. 
Digital counts over a 64x64 matrix from each 
image were stored on magnetic tape. 

Twelve other patients underwent an identical 
study procedure but received 2 ml normal saline 
instead of glyceryl trinitrate. They served as controls 
for the validation of the dual isotope technique and 
the subsequent quantitative image analysis. 


ANALYSIS OF RESULTS 
Colour isocount displays were reconstructed on an 
oscilloscope by retrieving the digitised data stored 
during scintiscanning. Orthogonal matrices com- 
posed of 7x4 and 6x4 square cells were super- 
imposed on right and left anterior oblique images, 
respectively. The matrices were centred around 
the cardiac contour and were positioned identically 
over the two isotope images. The fraction of digital 
counts within each matrix element relative to the 
total counts over the whole matrix was calculated 
and expressed as a percentage. 

Triads of matrix elements deemed to overlie 
myocardial regions perfused largely by one of the 
three major coronary arterial systems were chosen 
as depicted in the Figure. In the right anterior 
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obligue view, regions perfused by the left anterior 
descending and right coronary artery were chosen 
in a manner that excluded intermediate areas in 
which the source of perfusion may have been 
overlapping. Matrix elements close to the lateral 
borders were probably outside the cardiac silhouette 
as evidenced by the low fractional counts ( « 1:0°,) 
within them. Since part of the region assigned to the 
right coronary artery distribution in this view may 
have been overlying the circumflex distribution, 
left anterior oblique views were also analysed. In 
this projection the left anterior descending and 
circumflex distributions assumed an anteroposterior 
separation which permitted their individual analysis. 

Since imaging through the energy windows 
corresponding to the two isotopes was performed 
simultaneously, a strict one-to-one correspondence 
was ensured between matrix elements of the two 
images obtained. Accordingly, paired Student's t 
tests were performed to assess the statistical 
significance of changes of fractional counts within 
the above-described triads of matrix elements. 

Identical data handling and statistical analysis 
were applied to the images from patients in the 
control group. 


Results 


Intracoronary injections of glyceryl trinitrate in the 
doses used in this study caused no alterations in 
aortic blood pressure (systolic, diastolic, or mean) 
or heart rate. There were no complications in any 
of the eight patients during, or as a result of the 
study procedure. 

The results of the statistical analysis described in 
the previous section are summarised in the Table. 
In the overall group of eight patients, each triad 
of matrix elements yielded 24 pairs of fractional 
distribution. Statistical analysis of these data (Table) 
showed that after intracoronary glyceryl trinitrate 





Fig. Analysis of myocardial perfusion images. Orthogonal matrices were superimposed on 43° right antertor oblique 
(RAO) and left anterior oblique (LAO) images. Triads of matrix elements were assigned, as illustrated, to represent 
regional perfusion in the distribution of the right (RCA), left anterior descending (LAD), and circumflex ( Circ) 


coronary arteries. 


Glyceryl trinitrate and collateral perfusion 


Cable Summary of statistical data* analysist 
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Corenary Control After Significance 

View distribution No. (%) glyceryl of difference 
trinitrate 

Right Left anterior 
anterior descending 24 6871038 7904+046 p<00l 
oblique 

Right coronary 

artery 24 349 20-22 2:954021 p<0-001 
Left Left anterior 24 5:86 «0.53 6712067 p<001 
anterior descending 
oblique 

Circumflex 24 7192057 6904065 p»005 


Right coronary 
artery 24 7334062 6614059 p<0-05 


mer 


* Fractional perfusion expressed as mean per cent of total counts 
£SE. + Paired Student's t test. 


there was a significant fall in the proportion of the 
total left coronary perfusion distributed by collateral 
vessels to the right coronary artery region (p < 0-001 
from right anterior oblique views, p<0-05 from 
left anterior oblique views). At the same time the 
proportion of perfusion in the left anterior descend- 
ing distribution increased significantly after glyceryl 
trinitrate (p < 0-01 from right anterior oblique views, 
p<0-01 from left anterior oblique views). There 
was no significant change in the proportional 
perfusion of the circumflex distribution (p > 0-05) 
as analysed from left anterior oblique views. Thus, 
the circumflex distribution could not have contri- 
buted to the very significant differences within 
regions assigned to the right coronary artery 
distribution in the right anterior oblique views. 

Analysis of imaging data obtained from the 12 
control patients showed no statistical difference 
(p > 0-05) in the fractional perfusion of any of the 
coronary arterial distributions as assessed by the 
two isotopes injected before and after saline. These 
findings validated the reproducibility of the method 
and analysis of data used in this study with respect 
to the two isotopes. 


Discussion 


'The use of intracoronary injections of radioactive 
labelled human albumin macroaggregates, first 
reported by Ashburn er al., has been shown to be 
both a valid and safe technique of assessing myo- 
cardial perfusion distribution.’ * A double isotope 
technique using indium-113m and *?""Tc-macro- 
aggregated albumin was first used by Ritchie ez al.® 
to compare the regional myocardial perfusion 
distributions before and after stress-induced 
ischaemia. 

Intracoronary glyceryl trinitrate in the dosage 
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used in this study (60 ug) produced no significant 
alterations in systemic blood pressure or heart rate. 
Thus, the technique allowed observations to be 
made about the action of glyceryl trinitrate on the 
coronary circulation independently of its peripheral 
actions. The group of control patients showed 
that the technique of dual isotope imaging as well 
as the data analysis yielded statistically reproducible 
estimates of segmental myocardial perfusion using 
the two isotopes. We felt it important to validate 
this point since selective injections into the branches 
of the left main coronary artery could conceivably 
occur either by virtue of physical entry of the 
catheter tip into one of the branches in patients 
with a short left main segment or streaming of the 
injectate under pressure without adequate mixing. 
The application of the procedure to the control 
patients did not rule out this possibility but did 
demonstrate that if the catheter is removed from 
the coronary ostium and then reinserted by the 
same operator using the same technique, the 
catheter position is reproducible between injections 
and, therefore, similar injections result in 
reproducible macroaggregate distributions. The 
use of each patient as his own control made it 
possible to analyse the data in a paired fashion 
minimising interindividual differences in coronary 
perfusion distribution and focusing attention on the 
changes induced by glyceryl trinitrate. 

It is important to point out that this technique 
does not allow estimation of absolute myocardial 
perfusion and that our findings concern only the 
proportional distribution of the total flow. Experi- 
mental studies previously reported on the direct 
effects of glyceryl trinitrate on collateral perfusion 
have been contradictory." The contradictions, 
however, were among studies performed by very 
different techniques and, therefore, not really 
comparable. Peripheral coronary pressure from 
regions distal to ligation of the left anterior descend- 
ing artery in dogs has been shown to increase 
significantly after administration of glyceryl tri- 
nitrate. ?' Studies in humans at the time of 
coronary artery bypass surgery showed a similar 
increase in peripheral coronary pressure and, more 
importantly, the calculated resistance of the col- 
lateral bed was found to decrease significantly in 
response to glyceryl trinitrate.’ It is important to 
point out tbat the resistance of the native coronary 
bed was not simultaneously measured and may 
decrease even more. This would result in a shift of 
fractional distribution in a manner favouring the 
native coronary bed and away from the collateral 
bed. It is possible that despite the relatively small 
decrease in fractional distribution to the collateral- 
ised area shown in our study (usually 109;) the 
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absolute perfusion of these regions in terms of ml/ 
min per 100 g myocardium may in fact have in- 
creased but to a lesser degree than a simultaneous 
increase to the region supplied by the left anterior 
descending artery. Ganz and Marcus? have found 
that the efficacy of glyceryl trinitrate in the relief 
of angina induced by pacing in patients in whom 
the blood pressure was not allowed to respond to 
glyceryl trinitrate was severely limited. These 
authors concluded that the effect of glyceryl 
trinitrate on the coronary circulation was a relatively 
minor component of its beneficial effect in ischaemia. 
Cohen et al.!? reported that the administration of a 
coronary vasodilator (isoprenaline) after acute 
coronary occlusion in dogs resulted in a shift in 
myocardial perfusion away from regions supplied 
by collateral vessels. As in other dog experiments, 
however, the behaviour of the collateral circulation 
may be very different from that in the human since 
collateral vessels are known to be readily available 
in the acute setting in dogs while in humans 
collaterals are believed to develop slowly over long 
periods of time in response to chronic ischaemia. 
Collaterals which develop in this manner may have 
different vasoreactivity from those which are 
present in the dog in the absence of chronic 
ischaemia. 

The observed effect of glyceryl trinitrate on 
myocardial perfusion distribution in the collateral- 
ised human heart implies a lesser responsiveness of 
the collateral circulatory bed to the dilatatory effect 
of glyceryl trinitrate compared with the native 
coronary circulation. This could be the result of 
either an intrinsic difference in the sensitivity of the 
resistive elements in the two circulations or 
ischaemia-mediated dilatation in the former which 
might pre-empt a portion of the maximal inducible 
dilatatory response." Our observations support 
previous findings that the effect of glyceryl trinitrate 
on the coronary circulation is a relatively minor 
component of its beneficial effects in ischaemia.? ? 
If absolute coronary flow does not increase, the 
direct effect of glyceryl trinitrate on myocardial 
perfusion distribution may be detrimental but 
could still be overridden by its beneficial systemic 
actions. Further studies will be required to elucidate 
the reasons for these differences in glyceryl trinitrate 
responsiveness. Such studies might improve our 
understanding about the physiological behaviour 
of the collateral circulation and permit interventions 
aimed at maximising its beneficial function in 
ischaemic heart disease. 
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Sometimes, 
hypertension resolves 
of its own accord 


The risk of sudden death is a constant 
companion for hypertensive patients who also have 
ischaemic heart disease. 

Indeed, sudden death is the first symptom of 
unsuspected coronary artery disease in as many as 
20% of cases.’ 

Sotazide is a new antihypertensive 
treatment whose qualities make it particularly 
suitable for long-term antihypertensive therapy. 

The beta-blocker component, sotalol, has an 
inherent long action which gives it round-the-clock 
antihypertensive and anti-arrhythmic activity on once 
daily dosage. In addition to reducing sympathetic 
drive, sotalol is uique in possessing class III anti- 
arrhythmic activity 'isparticularly relevant in 
diminishing the risk'of ventricular fibrillation. 


In Sotazide, sotalol is paired with 
hydrochlorothiazide, probably the best known and 
most trusted of all the thiazide diuretics. The 
combination has been thoroughly documented?-* and 
its efficacy in treating hypertension on once-daily 
dosage has been amply confirmed. 


New ance-daily 


Sotalol hydrochloride and hydrochlorothiazide 
Precise and predictable 
control of hypertension 








in the treatment of 
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Only surgery can adequately restore the 
underlying perfusion deficit in ischaemic 
heart disease. It is, of course, possible to 
lower myocardial work by reducing load 
or limiting rate or contractility, so that 
demand does not outstrip the limited 
supply of oxygen. 

There is, however, another more funda- 
mental option in the protection of the 
myocardium from the early consequences 
of ischaemia: that is to prevent calcium 
overload in the myocardial cell. 

Clinium* (lidoflazine) selectively blocks 
entry of excess calcium into the ischaemic 
myocardial cell thus preserving normal 
contraction and relaxation. 

Cardiac output is maintained and with 
normal diastole, perfusion is maximised? * 
As aresult Clinium* alleviates anginal 
symptoms, while enabling a markedly 
increased level of 
exercise tolerance 
to be achieved by 
anginal patients? * ^* 
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Ciinium 





(lidoflazine) 
aselective calcium antagonist that 
protects the ischaemic myocardium. 
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Effect of myocardial shortening velocity on duration 
of electrical and mechanical systole 


S>T interval as measure of shortening rate 


LINCOLN E FORD, NORMAN P S CAMPBELLf# 
From the Department of Medicine, University of Chicago, Chicago, Illinois, USA 


SUMMARY To determine the effect of myocardial shortening velocity on the duration of electrical and 
mechanical systole, five healthy men, ages 32 to 41, were studied. Carotid massage and atropine were 
used to define the effects of changes in heart rate without changes in shortening rate. The effects of 
amyl nitrite, which produced approximately the same degree of tachycardia as atropine but a 
significantly higher maximum shortening rate, were compared with those of atropine to assess the 
effects of faster shortening velocities. The increased heart rate produced by both agents caused a 
substantial decrease in both the QT and the S,S, intervals, but the QT interval was longer and the 
S,S, interval shorter with the amyl nitrite. Thus, the S,T interval was substantially longer after amyl 
nitrite. The results are in keeping with the finding in isolated cardiac muscle that active shortening 
increases action potential duration and decreases the duration of mechanical activation. These 
observations raise the possibility that longer QT intervals and shorter S,S, intervals would also be seen 
in patients with hypokinetic ventricular segments when the healthy muscle contracts more vigorously 


to compensate for the weaker segments. 


Active shortening of isolated cardiac muscle in- 
creases the action potential duration,! and decreases 
the duration of mechanical activity.?^? These 
observations suggest that the electrocardiographi- 
cally recorded 'T waves in man might occur later 
and second heart sounds (S;) earlier, when ventri- 
cular ejection rate increases. If this is so, the interval 
between the two might be used as an index of 
myocardial fibre shortening rate. This hypothesis 
was tested in five healthy volunteers using carotid 
massage and atropine to define the changes that 
occur in the time intervals with variation in heart 
rate but without large changes in fibre shortening. 
Amyl nitrite was used to increase the velocity of 
ventricular ejection, and the results obtained with 
this agent were compared with those during the 
tachycardia produced by atropine. Myocardial 
shortening rate was assessed from simultaneous 
echocardiograms. 
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Methods 


Five healthy, non-obese men, ages 32 to 41 years, 
were studied. All were without heart disease and 
all participated to some degree in regular athletics. 
They were asked to hold their breath at end 
expiration during the periods of recording to increase 
uniformity of conditions and to minimise respiratory 
interference. 


RECORDING 

M-mode echocardiograms were obtained with a 
Unirad 100 Series Echoscope. Left ventricular 
contraction was measured at a point just below the 
mitral valve. Simultaneous phonocardiogram, lead 
II electrocardiogram, and differentiated electro- 
cardiographic traces were displayed on the same 
recording (Fig. 1). Lead II was used throughout 
since the T wave vector was closest to this lead in 
every subject. The use of a single electrocardio- 
graph lead to determine the beginning of the QRS 
complex and the end of the T wave is justified if 
the axis of these initial and terminal vectors do not 
change, as was found in the five subjects studied 
here. The recorder was run at 78 mm/s (nominal 
75 mm/s). 
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Fig. 1 Recordings and interventions : ECG - 


The end of the T wave was determined as 
the intersection of the two lines drawn 
threough the differentiated electrocardio- 
graphic trace (ECG). The phonocardiogram 
had high and low pass filters set at 100 and 
1400 Hz, respectively, throughout all studies. 
Relative changes in maximum fibre 


shortening were assessed from the slope of SNMP 
a line drawn through the fastest-moving 
component of the posterior wall echo. The 
lines shown here have been darkened for 
contrast, and obscure some of these echoes. 
ECG 
PHONO 


MEASUREMENTS 
Lines were drawn through the zero baseline of the 
differentiated electrocardiograph trace and through 
the terminal portion of the T wave on this trace as 
it approached the baseline (Fig. 1). The end of the 
T wave was taken as the intersection of these two 
lines. The timing of the heart sound was taken as 
the first high frequency component in the phono- 
cardiogram. A vertical line through the timing 
marks on the record (Fig. 1) served both as a time 
reference for intervals on different traces and as a 
vertical reference for measuring the slope of 
posterior wall motion in the echocardiogram. 
Measurements of time intervals were made with dial 
gauge callipers (Mitutoya Co, Japan) read to the 
nearest 0-1 mm (1-3 ms). Most measurements were 
made only once. When 34 measurements made 
independently by two observers were compared, 23 
had differences «0-2 mm. The following five inter- 
vals were measured: RR, QT, S,S,, QS,, and S,T. 

Maximum myocardial shortening rate was 
estimated by drawing a tangent to the fastest- 
moving component of the posterior wall echo (Fig. 1) 
and computing the cotangent of the angle between 
this line and the vertical reference. The slopes 
indicate only relative changes in rate, not absolute 
values. Consequently, shortening rate is expressed 
in terms of percentage changes with each interven- 
tion, relative to the control. The end-diastolic and 
end-systolic diameters were measured respectively 
as the dimensions at the peak of the R wave and 
the maximum anterior movement of the posterior 
wall. 

Posterior wall motion was chosen to indicate 
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relative changes in maximum myocardial shortening 
mainly for simplicity. It required only a single 
measurement, that of an angle. Other indices, such 
as mean circumferential shortening, require several 
measurements, which increase the error of the 
estimate. Posterior wall motion has the added 
advantage that it reflects maximum rather than 
mean shortening velocity. It has the disadvantage 
that it results partly from circumferential fibre 
shortening and partly from overall movement of 
the left ventricle. Consequently, it does not indicate 
absolute myocardial shortening rate directly. It is 
assumed here, however, that ventricular movement 
was proportional to myocardial shortening in each 
individual in the same position. To the extent that 
this assumption is correct, the effects of ventricular 
movement cancel when calculating relative changes 
in velocity. 


INTERVENTIONS 

All recordings for each subject were made at a 
single time with the subject lying supine, his right 
side slightly raised, and with the echo transducer 
in the same position throughout. The order of the 
interventions was as follows. First a control record- 
ing was made with the subject lying quietly. 
Carotid massage was then applied several times to 
slow the pulse transiently. Next, the subject inhaled 
amyl nitrite, and recordings were made during the 
resulting tachycardia. Ten to 15 minutes later, 
when the tachycardia and flushing had subsided, 
1-2 mg atropine was injected intravenously. Record- 
ings were made during the peak of the ensuing 
tachycardia. 
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ANALYSIS 

Measurements of 10 cardiac cycles were made for 
each intervention. The cycles chosen were those 
10 that showed the greatest change in RR interval 
in response to the intervention, after excluding any 
record that could not be read because of respiratory 
interference. All measurements of the 10 cycles 
were averaged and the standard error of the mean 
computed. The size of the symbols along the Y axis 
in Fig. 2 and 3 (27 ms) was chosen so that of the 
80 time intervals plotted, 68 had standard error; 
smaller than the symbols, and 18 had standard 
errors less than half the size of the symbols. Unless 
otherwise stated, significance of differences was 
calculated from the paired Student's t test taking 
the mean of 10 measurements for each individual 
as a single value. Those p values less than 0-05 
were considered significant. 


Results 


The resting pulse rates ranged from 49 to 75 
(mean 61). Carotid massage decreased the rates by 
an average of 15 per cent. Amyl nitrite increased 
the pulse rates by an average of 54 per cent, and 
atropine by 47 per cent, the difference being 
insignificant. The end-diastolic diameter was only 
slightly less with the amyl nitrite than with atropine 
(2:354), but the end-systolic diameter was signifi- 
cantly decreased (12-5%%, p<0-05). The slope of 
the posterior wall motion was not significantly 
changed by carotid massage or atropine unless the 
heart rate increased to about 90/min, as has been 
found with mean circumferential fibre shortening 
using atrial pacing to vary heart rate.! Posterior wall 
motion was increased significantly (p « 0-01) by 
amyl nitrite (Fig. 2A). The large difference ia 
posterior wall motion, compared with approxi- 
mately the same change in heart rate, allowed the 
effects of fibre shortening to be distinguished from 
those of heart rate. 

The QT and S,S, intervals both varied inversely 
with heart rate (Fig. 2B and C). Close inspection 
of the data in Fig. 2B and C shows, however, that 
for each individual, the QT interval was longer for 
the tachycardia produced by amyl nitrite than that 
produced by atropine, and that the reverse is truc 
for the S,S, interval.* The shorter S,S, interval 
and the longer QT interval with amyl nitrite as 
* Three different methods of analysis showed the differences to be 
significant: (1) the two-tailed, paired t test gave p « 0-005 for the QT 
and p « 0-03 for the S,S, intervals; (2) the probability of obtaining 
the intervals for all five subjects deviating in the expected direction 
is 1/25 ~ 1/32, yielding p < 0-032 for both the QT and S,S, intervals; 
(3) when the unpaired t test was applied to the means for each 
individual, all five of the QT and three of the S,S, interval differences 


yielded p «0-05; two of the S,S, and three of the QT interval 
differences yielded p « 0:001. 
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Fig. 2 Effect of RR interval and interventions on fibre 
shortening and time intervals : interventions are identified 
by shape and subjects by shading of symbols, according to 
key in inset. Shortening rates (A) are expressed as a 
percentage of the control values. Intervals (B, C, D) as 
described in text. The arrows in A, B, and C indicate the 
direction of changes with amyl nitrite, as compared with 
atropine, for each subject. 
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compared with atropine resulted in substantial 
increases in the S,T intervals with amyl nitrite. 
This interval was found to correlate with changes 
in maximum fibre shortening, as indicated by 
changes in the slope of the posterior wall motion 
(Fig. 3A). Though the relation between fibre 
shortening and S,T interval is probably not 
strictly linear, an estimate of the correlation 
between the two variables was obtained using a 
linear regression. For the data in Fig. 3A, the 
correlation coefficient was 0-67, and it was increased 
to 0-88 when the intervals were divided by the 
control values (Fig. 3B) to normalise the variation 
among the individuals. The S,T interval did not 
correlate well with changes in heart rate. 

The QS, interval was not significantly affected 
by any of the interventions (Fig. 2D), indicating 
that the changes in the S,T intervals were largely 
the result of the changes in the QT and S,S, 
intervals. 
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Fig.3 Effect of maximum shortening rate on ST interval : 
same key for intervention and subjects as in Fig. 2. 
Intervals plotted in A have been normalised to subjects? 
control values in B. 
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Discussion 


The findings that rapid myocardial shortening is 
associated with a longer QT interval and a shorter 
duration of mechanical systole are in keeping with 
studies in isolated muscle; but several other factors 
that might have contributed to these results should 
be considered. It is possible, for example, that the 
changes were the result of adrenergic stimulation 
during amyl nitrite. Catecholamines do shorten 
mechanical activation in isolated muscle,’ and 
might, therefore, be expected to decrease the S,S, 
interval; however, these agents do not lengthen 
the duration of the ventricular action potential, 
making it unlikely that the increased S,T interval 
after amyl nitrite was the result entirely of adrenergic 
influences. It should be mentioned that adrenergic 
stimulation has a variable influence on the QT 
interval in the intact animal.’ Indeed, it is possible 
that the variability derives from the secondary 
effects of muscle shortening. Direct inotropic 
stimulation of the ventricle, either by rapid 
catecholamine infusion or by left stellate ganglion 
stimulation, which would be expected to cause a 
more rapid myocardial shortening, prolongs the 
QT interval. By contrast, slower infusion of 
catecholamines or more extensive stimulation, 
which might raise peripheral vascular resistance 
sufficiently to prevent the increased myocardial 
shortening, produces no increase, and sometimes a 
decrease of the QT interval.’ 

It is also possible that the changes in the S,T 
interval were the result of the smaller end-systolic 
ventricular volumes after amyl nitrite. It is difficult 
to distinguish changes caused by active muscle 
shortening from those caused by short lengths. 
For example, the duration of mechanical activity in 
isolated muscle can be reduced substantially at 
short lengths, but this effect is variable? £ and the 
reduction is very much diminished when the series 
compliance in the preparation is made stiffer, 
minimising internal shortening during “isometric” 
contractions (Ford, unpublished observations). 
This result together with the finding that action 
potential duration is not influenced by muscle 
length? suggest that the prolonged S,T interval was 
not the result of a short end-systolic muscle length. 

Although a prolonged QT or a shortened S,S, 
interval have not previously been associated with 
rapid myocardial shortening, each has been 
described in coronary artery disease, where healthy 
myocardium might be expected to contract more 
rapidly, compensating for hypodynamic ventricular 
segments. For example, both changes have been 
described in acute myocardial infarction” and 
persistence of these changes has been correlated 
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with a poor prognosis.'* !? In addition, a prolonged 
QT interval has been correlated with a poor 
prognosis in chronic coronary artery disease!? and 
this might reflect, in part, the correlation of a poor 
prognosis with the degree of ventricular hypokinesis 
that has been found directly in angiographic 
studies.'* 

It would be expected from studies in isolated 
muscle,*? and isolated hearts,'^ that the relatively 
increased afterload imposed by cardiac failure 
would substantially increase the total duration of 
electromechanical systole (QS, interval). In fact, 
the reverse is usually found, ' though there is 
substantial scatter in the results." The shortening 
of total systole might also be explained by inhomo- 
geneities in ventricular contraction, with the rapidly 
contracting segments relaxing earlier. Varying 
degrees of hypokinesis in the patients with heart 
failure could explain the larger standard deviation 
of the QS, measurement in this population. 
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SUMMARY The electrocardiographic and vectorcardiographic features of right and left bundle-branch 
aberration were investigated in 32 patients during programmed electrical stimulation of the heart. 
Various types of aberration were seen, the right bundle-branch being affected to different degrees in 22 
patients and the left in six; four patients developed right and left bundle-branch block at different times, 
Three of the patients who developed right bundle-branch block also showed loss of the first 40 ms 
anterior QRS forces, especially the second 20 ms; all also developed combined left and right ventricular 
conduction defects. Six other patients with right bundle-branch aberration, however, showed loss of 
QRS forces during the second 20 ms with preservation of the first 20 ms, in the absence of left 
ventricular conduction defects. Six patients showed anterior increases of the first 40 ms QRS forces, 
four also having additional left ventricular conduction defects. 

The magnitude of the tangential velocity of inscription of the first 20 (and first 40) ms spatial QRS 
forces was unaffected by right bundle-branch aberration. In only four of the 26 patients with right 
bundle-branch aberration was less than 70 per cent of the QRS loop directed anteriorly. In all but 
one of these patients, however, the first 40 ms QRS forces were rotated in a counterclockwise direction 
even if the later forces inscribed a predominantly clockwise QRS loop in the horizontal plane. 

Identification of the abnormalities produced by left and right aberrant conduction clarifies the 
positive features of ventricular arrhythmias. Furthermore, alteration of the first 40 ms QRS forces in 
right bundle-branch block will influence the ability to diagnose myocardial infarction accurately on the 
electrocardiogram. 


Although right and left bundle-branch block are 
common there is little information about these 
disorders in patients without other cardiac abnor- 
malities. While it is uncommon to record normal 
electrocardiograms before and after the development 
of bundle-branch block, whether occurring spon- 
taneously! ? or during cardiac catheterisation,? ! it 
is only from the features seen in such patients that 
one can confirm the electrocardiographic criteria 
for bundle-branch block. 

It is well established that left bundle-branch block 
affects the electrocardiographic diagnosis of both 
anterior and inferior infarction,? but the picture is 
less clear with right bundle-branch block.** 
Sandler and Marriott? have stressed the value of a 
monophasic R wave or an Rsr' in V1 in ventricular 
arrhythmias, in contrast to an rSR’ in right bundle- 
* This work was supported by the British Heart Foundation. 
Received for publication 14 January 1980 


branch aberration; these features may be the result 
of anterior direction of the QRS loop, sometimes 
with clockwise rotation. Since such a QRS loop 
has also been described in right bundle-branch 
block (type B)! it is important to establish how often 
such QRS loops are seen in right bundle-branch 
aberration as well as to seek characteristic features 
of the vectorcardiogram in this conduction defect. 
As there may be difficulty in the differentiation of 
ventricular arrhythmias from supraventricular ar- 
rhythmias complicated by left bundle-branch 
aberration we have also studied the latter defect. 


Methods 


Programmed stimulation of the heart was used to 
induce atrial and ventricular extrasystoles and rate 
dependent aberration as well as supraventricular 
tachycardia with aberration. Routine electro- 
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physiological investigation was performed together 
with vectorcardiographic recordings in 43 patients 
to elucidate the nature of their arrhythmias. Three 
recording wires were inserted percutaneously 
through one or both femoral veins by the Seldinger 
technique and passed to the right side of the heart; 
one was positioned in the right atrium, one at the 
apex of the right ventricle, and one opposite the 
tricuspid valve, close to the bundle of His.® 
Orthogonal Frank lead electrocardiograms were 
recorded both with a Hewlett-Packard 1301B 
3 channel electrocardiograph and an analogue 
magnetic tape recorder (Racal Thermionic Store 7). 
The tapes were played back through a PDP 12 
laboratory computer and all complexes were 
displayed. Satisfactory complexes were selected and 
Stored with cursor determination of the onset and 
offset. From these digital data the frontal and 
horizontal plane vectorcardiograms were printed 
out with a Complot DP1 digital XY plotter; the 
points were plotted at 4ms intervals. The 
magnitude of tangential velocity of QRS inscription 
was calculated between each 4 ms point in the 
frontal and horizontal planes and in three dimen- 
sions. Average figures for the first and second 20 ms 
have subsequently been described as the tangential 
QRS velocity. The computer also constructed 
scalar spatial electrocardiograms. 

Because the terms complete and incomplete 
bundle-branch block have been criticised" we 
followed the classification of Witham! in which 
first degree bundle-branch block indicates a QRS 
duration of 120 ms or less, second degree a QRS 
duration between 120 ms and 150 ms, and third 
degree a QRS greater than 150 ms. The degree of 
right bundle-branch aberration in 13 patients with 
basal partial conduction defects was based on this 
classification. Witham has also suggested an 
alternative classification based on the normal QRS 
duration known for the patient concerned!?: thus 
in first degree right bundle-branch block the QRS 
is prolonged by less than 30 ms in the affected 
complex, in second degree block additional QRS 
prolongation is between 30 and 50 ms. We have 
refined the accuracy of such measurements with 
our intracardiac recordings and have followed the 
second classification in the remaining 19 patients 
who initially had no conduction defects. Right and 
left bundle-branch blocks were diagnosed according 
to the criteria of Witham" and lesser left ventricular 
conduction defects often called hemiblocks were 
described according to established criteria.! ? 14 


Results 


Forty-three patients were studied of whom 32 
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developed aberration; 22 had right bundle-branch 
aberration (without left bundle-branch aberration), 
six left bundle-branch aberration (without right 
bundle-branch aberration), and four both right and 
left bundle-branch aberration at different times. Of 
the 32 patients, only one patient had a left ventricular 
conduction defect during sinus rhythm (pronounced 
left axis deviation) but 10 patients had incomplete 
right bundle-branch block of the basal QRS; one 
patient had old inferior infarction, and one had 
congestive cardiomyopathy with T wave changes in 
leads I and V3 to V6. 

In nine, right bundle-branch aberration was 
induced by atrial extrastimuli, and atrial fibrillation 
occurred at the beginning of or during supra- 
ventricular tachycardia; in five this conduction 
defect was induced by atrial extrastimuli, supra- 
ventricular tachycardia, and atrial pacing; in the 
remaining 12 aberration only occurred after wire 
manipulation, atrial extrastimuli, or atrial pacing. 
The type of aberration seen was unrelated to the 
method of induction. Sixteen patients without any 
block of the basic QRS developed third degree 
right bundle aberration; lesser degrees were also 
seen at other times in 15 of these patients. The 
remaining 10 patients with right bundle-branch 
aberration included two with apparent complete 
right bundle-branch block of the basal QRS, but 
who developed increasing right bundle-branch 
aberration with atrial extrastimuli, as well as eight 
patients with varying grades of first and second 
degree right bundle-branch block. 

The typical pattern of right bundle-branch 
aberration is shown in Fig. 1. The counterclockwise 
rotation of the initial 40 ms forces of the QRS was 
preserved in all but one patient. The most consistent 
feature of the lesser degrees of aberration was 
deviation of the terminal forces to the right and 
either anteriorly or slightly posteriorly; there was 
variable delay in the terminal forces which were 
more often superior than inferior. As the degree of 
right bundle-branch aberration increased so did 
the terminal delay which was always anterior; 
because midzone posterior forces were lost the QRS 
loop was predominantly anterior in the horizontal 
plane and the middle part of the loop tended to 
cross the efferent limb increasingly to the left and 
anteriorly (Fig. 2). Eventually the posterior forces 
were totally lost and the loop was anterior ( > 9095) 
in all but five patients; in only four patients with 
third degree block was less than 70 per cent of the 
loop anterior and in only two of these patients was 
less than 50 per cent of the QRS loop anterior. In 
all patients the tangential velocities of inscription 
of the initial and second 20 ms QRS forces were the 
same as those of the normal QRS loop. Usually 
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Fig. 1 Horizontal and frontal plane vectorcardiograms ( above) and orthogonal ( Frank) electrocardiograms (below) 
of a patient developing right bundle-branch aberration, Panel 1: Sinus rhythm, normal conduction. Panel 2: The 
first sinus complex* after the end of supraventricular tachycardia shows first degree right bundle-branch aberration 
with loss of midzone posterior forces and development of terminal delay on the right. Panel 3: Second degree right 
bundle-branch aberration during supraventricular tachycardia {the complex shown is marked by an asterisk). QRS is 
now directed almost totally anteriorly, the terminal delay on the right being rotated anteriorly, Panel 4: Sinus rhythm 
with third degree right bundle-branch aberration produced by catheter pressure : note anterior QRS with increasing 


terminal delay. 


right bundle-branch aberration altered the direction 
of the frontal plane QRS complexes so that they 
became biphasic, and it was then impossible to 
determine the mean QRS accurately (Fig. 2). 
Usually the first 60 ms QRS forces were directed 
more superiorly and to the left than the normal 
complexes. In three patients, however, these forces 
were directed more inferiorly. These complexes 
may have shown right axis deviation because of an 
associated conduction defect, an isolated finding 
also seen in two of these patients. 

Alteration of the initial forces of the QRS could 
occur with right bundle-branch aberration. Thus 


in five patients increase of either the first or second 
20 ms anterior forces occurred with the lesser 
degrees of right bundle-branch aberration (Fig. 3, 
panel 2; Fig. 4, panel 2). With increasing right 
bundle-branch aberration this increase of the first 
20 ms anterior QRS forces was less obvious (Fig. 3 
and 4, panel 3). In one patient, despite the return 
of normal initial anterior QRS forces with second 
degree right bundle-branch aberration, the QRS 
loop remained predominantly anterior and was 
unusual in that the crossover was eliminated (Fig. 4). 
It was followed by the development of a form of 
bundle-branch block not seen previously (Fig. 4, 
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Fig. 2 Horizontal and frontal plane vectorcardiograms ( above) and orthogonal ( Frank) electrocardiograms (below) 
of a patient developing right bundle-branch aberration. Panel 1: Sinus rhythm, normal conduction. Panel 2: First 
degree right bundle-branch aberration. The terminal forces to the right are increased and are directed slightly 
superiorly : the first 40 ms anterior ORS forces are also increased. Panel 3: A premature atrial stimulus produces 
second degree right bundle-branch aberration. The loop is predominantly anterior because of loss of midzone posterior 
ORS forces ; terminal forces are increased to the right and the ORS is biphasic in both planes. Panel 4: Third degree 
right bundle-branch aberration produced by a more premature atrial stimulus. The QRS is now almost totally anterior 
and biphasic. The crossover point has moved to the left; in the frontal plane the first part of the ORS is further left 
and the second part clearly directed to the right. Panel 5: A premature atrial stimulus produces third degree right 
bundle-branch aberration. There is multiformity of right bundle-branch aberration, that is this complex is of a different 
shape as compared with that shown in Panel 4. Panel 6: Second degree right bundle-branch aberration is associated 
with left axis deviation. The QRS is still biphasic in both planes, but less of the QRS is directed to the right. The ORS 
is almost totally anterior and the crossover point to the left, with less overlap than in right bundle-branch aberration 


alone. 


panel 5), but which was also encountered in one 
patient in association with third degree right 
bundle-branch aberration alone. In both patients 
the tangential velocity of the initial anterior and 
subsequent posterior QRS forces was slower than 
normal; in the frontal plane QRS inscription was 
as slow as is seen in left bundle-branch block and 
the QRS loop was directed inferiorly and to the 
right. In the horizontal plane the loop was also 
directed posteriorly, with terminal delay to the 
right and slightly anteriorly as in right bundle- 
branch block. The QRS pattern in lead X or V6 
was not obviously different from that in right 
bundle-branch block. Alteration of initial tangential 
QRS velocity was probably the result of an additional 


significant left ventricular conduction defect. 

Loss of initial anterior QRS forces was also 
common in association with third degree right 
bundle-branch block. It occurred after the first 
20 ms forces in six patients and included the first 
30 ms in three patients, leading to loss of initial 
counterclockwise inscription in the horizontal plane; 
the loop almost became clockwise but was only 
totally clockwise in one patient. There was an 
association between abbreviation of anterior QRS 
forces and at least transient left ventricular con- 
duction defects. 

Left bundle-branch aberration was initiated by 
extrastimuli in four patients and supraventricular 
tachycardia in six. Left bundle-branch aberration 
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Fig. 3 Horizontal and frontal plane vectorcardiograms ( above) and orthogonal ( Frank) electrocardiograms ( below) 
of a patient with right bundle-branch aberration. Panel 1: Sinus rhythm, normal conduction. Panel 2: First degree 
right bundle-branch aberration produced by catheter manipulation causes decreased midzone posterior QRS forces and 
slight increase of the second 20 ms anterior QRS forces. Panel 3: The sinus beat, following a pause after premature 
atrial stimulation, produced second degree right bundle-branch aberration with prominent terminal forces directed to 
the right. There is loss of posterior forces and reduction of the second 20 ms anterior forces. 


was associated with loss of anterior forces in the 
horizontal plane (Fig. ?& In seven patients this 
affected the first 20 ms, six showing total loss of 
anterior forces; in three the loss of anterior forces 
was confined to the later part of the QRS and the 
direction of the initial 20 ms forces was unaffected. 
In all patients the frontal plane loop was small and 


the velocity of inscription was very slow. The initial 
forces in these seven patients were directed more 
superiorly, as was the R point. Left axis deviation 
with left bundle-branch block, however, was only 
produced in six patients. T'angential velocity of 
inscription of both the first and second 20 ms QRS 
forces was reduced, but the tangential velocity of 
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Fig.4 Horizontal and frontal plane vectorcardiograms (above) and orthogonal electrocardiograms (below) of a 
patient with right bundle-branch aberration. Panel 1: Sinus rhythm, normal conduction. Panel 2: A premature atrial 
stimulus produced increased anterior QRS forces without loss of posterior forces. Panel 3: The first QRS complex 
after two consecutive atrial extrastimuli shows second degree right bundle-branch aberration. The midzone posterior 
ORS forces are reduced. The whole loop is swung anteriorly, but initially still remains counterclockwise. The prominent 
initial anterior forces have decreased, In the frontal plane the loop is obviously biphasic with some orientation of the 
first part to the left. Panel 4: Additional left axis deviation with right bundle-branch aberration of the first premature 
impulse. Panel 5: The second premature impulse shows extreme right axis deviation. Initial anterior forces are 
abbreviated and the loop lies on the left posterior quadrant; the terminal QRS is direc ted to the right and anteriorly. 


the later forces, which are directed posteriorly, was 
always more than 10 mV/s in the horizontal plane. 
The QRS duration was 140ms or more in all 
patients with left bundle-branch aberration, but in 
two patients there were similar QRS configurations 
albeit with a duration of 120 ms or less. Two 
patients also showed left axis deviation with other 
atrial extrastimuli. Seven patients had left bundle- 
branch aberration during tachycardia, but only one 
of these had such aberration with atrial extrastimuli, 
though two others had right bundle-branch 
aberration with atrial extrastimuli (Fig. 5). 


Discussion 


This study has clarified the QRS waveform of right 
and left bundle-branch block in patients investi- 
gated because of arrhythmias; there were only two 
patients with primary cardiac disease. Earlier 
studies have been based either on postoperative 
bundle-branch block or have included a large 
proportion of patients with cardiac disease.* These 
authors described the vectorcardiographic features 
of aberrant conduction produced by premature 
atrial stimulation. Vectorcardiograms provide in- 
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Fig. 5 Horizontal and frontal 
plane vectorcardiograms (above) 
and orthogonal electrocardiograms 
(below) of a patient developing 
both right and left bundle-branch 
aberration, Panel 1: Sinus 
rhythm showing QRS changes of 
old inferior infarction. Panel 2: 
Left bundle-branch block 
develops during supraventricular 
tachycardia. Panel 3: A 
premature atrial stimulus 
produces third degree right 
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bundle-branch block with 
preservation of initial counter- 
clockwise rotation in the horizontal 
plane despite a totally anterior 
ORS loop. 


formation on ventricular excitation in all three 
planes, which is difficult to achieve by multiple 
electrocardiographic leads during programmed 
electrical stimulation or severe arrhythmias. Our 
study was based on vectorcardiograms and we 
included examples of aberration complicating 
supraventricular arrhythmias, atrial pacing, and 
induced atrial extrasystoles. We have identified 
important differences between aberration and 
ventricular arrhythmias. 

The QRS waveform of pure, isolated third 
degree right bundle-branch block is easily ex- 
plained}? 15 The right septal surface is excited 
30 to 40 ms later than normal and right ventricular 
activity persists for 20 ms longer than normal so 
that the QRS duration is increased by 50 to 60 ms. 
Normally the sequence of depolarisation of the 
right ventricle is the apex, then the lateral wall, and 
finally the infundibulum. Thus in first degree right 
bundle-branch block only infundibular activation 
wil be shown after the end of left ventricular 
excitation and the terminal QRS forces will be 





directed superiorly to the right and either just 
posteriorly or just anteriorly; if conduction through 
the anterolateral wall is also sufficiently delayed, 
the terminal forces will be increased to the right 
and anteriorly. If activation of the right ventricular 
apex is also delayed the QRS forces will be directed 
even more anteriorly, but delay will be no more 
pronounced on the right, since the crossover point 
is moved to the left. 

Septal activation normally takes 10 to 20 ms and 
proceeds from left to right and anteriorly so that 
the first 20 ms QRS forces are not affected by right 
bundle-branch block.!* However, thereafter altera- 
tion of QRS forces may be caused by delayed 
septal depolarisation and/or prolonged right ventri- 
cular activation. Such changes could be expected in 
lesser degrees of right bundle-branch block, and 
increased anterior forces at this time may occur if 
such forces are not as effectively cancelled as with 
normal ventricular excitation. With an increasing 
degree of right bundle-branch block these septal 
and right ventricular forces will occur later, when 
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normal left ventricular depolarisation has directed 
the QRS more posteriorly, so that cancellation can 
occur. This concept is supported by the loss of 
posterior forces from the left ventricle in right 
bundle-branch aberration. Alterations of septal 
depolarisation produced by conduction defects and 
anatomical variations affecting the bundle-branch 
system might increase this tendency, and the 
electrical position of the heart in relation to the fifth 
intercostal space both before and after development 
of right bundle-branch block is also important. 

With the development of right bundle-branch 
block the QRS loop usually becomes biphasic in 
the frontal plane with increased leftward forces for 
the first 60 ms, presumably because of loss of early 
rightward forces from the right ventricle. There 
may also be loss of anterior forces after the first 
20 ms for the same reason but coincidental left 
ventricular conduction defects may account for this 
change. Because of the variable anatomy of the left 
ventricular conducting system! one must expect 
many different combinations with right bundle- 
branch aberration producing differences in the 
morphology of the QRS complexes. 

We were unable to divide right bundle-branch 
aberration into types with an anterior clockwise 
loop (type B) and a posterior counterclockwise loop 
(type A). Intermediate types were common and 
have been recorded before, but different authors 
have either classified type B as a predominantly 
clockwise loop whatever the direction of the initial 
40 ms or have not. clearly stated whether all the 
loop must be clockwise.‘ 1+ Totally anterior QRS 
loops appear to be most frequent in third degree 
right bundle-branch block though the counter- 
clockwise rotation of the first 40 ms QRS forces is 
preserved. Transition to a totally clockwise loop 
only requires slight loss of anterior and rightwards 
forces and alteration in the superior and inferior 
position of the loop so that the crossover is 
eliminated. Since left axis deviation may reduce 
anterior forces directing initial forces less to the 
right, a totally clockwise loop may be more frequent 
when left axis deviation is associated with an 
anterior right bundle-branch block loop. Obviously 
other factors such as a small anterior infarct or left 
septal fibrosis could have the same effect. Our 
findings and those of Kulbertus et a/.* contradict the 
suggestion that an anterior QRS loop in right 
bundle-branch block is more frequent when there 
is also left ventricular disease.!? Not only do anterior 
right bundle-branch block loops not indicate right 
ventricular hypertrophy, but the midzone and later 
anterior forces negate posterior left ventricular 
forces and therefore mask electrocardiographic 
signs of left ventricular hypertrophy. 
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The more posterior QRS loop often found in 
right bundle-branch block may result from 
associated left ventricular hypertrophy or alterations 
of electrical position with age, as the ORS loop is 
often more anterior below the age of 40 years than 
in older subjects. 

'The preservation of the normal direction of the 
initial 20 ms QRS forces in right bundle-branch 
aberration has important implications. Alterations 
of the second 20ms QRS forces anteriorly or 
posteriorly are,also important, however, since 
anterior infarction may affect either the first or 
second 20 ms QRS forces or both.? It is therefore 
obvious that loss of the first 20 ms anterior forces 
still permits the diagnosis of anterior infarction in 
the presence of isolated right bundle-branch block; 
Jater loss of anterior forces interferes, however, with 
diagnosis. Anterior infarction may be concealed by 
increase of initial anterior forces, in keeping with 
our previous results? and those of Goldman and 
Pipberger.? 

'The QRS waveform in left bundle-branch block 
was distinctive. There was diminution and some- 
times total loss of initial anterior forces, initial forces 
being directed variably, presumably depending on 
the course of activation from the right. After the 
slow initial forces the main efferent limb of the QRS 
is directed posteriorly and is inscribed more quickly. 
The apex of the loop is inscribed more slowly but 
the end of the loop may be faster, perhaps because 
of excitation of His-Purkinje fibres. Though it is 
known that the QRS in left bundle-branch block is 
usually 10 to 20 ms longer than that of right bundle- 
branch block, we have seen QRS durations con- 
siderably less than 150 ms, particularly in supra- 
ventricular tachycardia complicated by aberration. 
Though incomplete left bundle-branch block could 
be defined in those who at other times showed 
complete left bundle-branch aberration, in some 
patterns of left axis deviation or loss of right 
anteroseptal forces, one may see loss or diminution 
of Q waves in left-sided leads and lead Z (diminu- 
tion of initial r wave in V1 and V2). We do not 
consider such changes diagnostic of incomplete 
left bundle-branch block alone. 

'The variety of minor changes of electrical axis 
in the frontal or horizontal plane could also be 
ascribed to left ventricular conduction defects 
caused by the variable anatomy of the left-sided 
conducting system?! but slight changes may only 
reflect alterations of anatomical position produced 
by variation in the duration of diastole. We obtained 
no evidence for or against a distinct left ventricular 
conduction defect producing prominent anterior 
forces. Prominent anterior QRS forces occur for 
several reasons, among which incomplete and 
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complete right bundle-branch block are important. 

The first 20ms QRS forces probably comprise 
normal left-to-right septal activation and the 
second 20ms QRS forces are predominantly 
caused by normal left ventricular activation.? In 
left bundle-branch aberration tangential QRS 
velocity is reduced, especially in the frontal plane. 
In the horizontal plane there is initial delay of 20 ms 
or less before acceleration into the efferent limb of 
the QRS. In left bundle-branch block we have not 
seen an average tangential velocity of the QRS 
inscription in the horizontal plane of less than 
10 mV/s affecting either the second 20 ms or total 
first 40 ms QRS forces. The direction of the QRS 
forces and the tangential velocity of inscription of 
the QRS are important differentiating features 
between aberrant conduction and ventricular 
arrhythmias. 

Our studies of ventricular arrhythrnias!? showed 
the following features that have not been observed 
in either right or left bundle-branch block: 
(1) a QRS loop totally directed into the left 
anterior quandrant; (2) more than 50 per cent of a 
left-sided QRS loop directed into the left anterior 
quadrant; (3) total anterior QRS loop with counter- 
clockwise rotation (one cause of "Rr" or “R” 
patterns in V1); (4) slow inscription of the QRS 
loop, lasting more than 20 ms; (5) tangential 
velocity of inscription of any part of the first 40 ms 
of any spatial QRS loop resembling right bundle- 
branch block of less than 10 mV/s; (6) tangential 
QRS velocity in the horizontal plane less than 
10 mV/s between the 20 and 40 ms vector points in 
examples of “left bundle-branch block complexes". 

Right bundle-branch aberration is characterised 
by a biphasic QRS, particularly in the horizontal 
plane. Thus notching of the QRS in V1 and V2 or 
lead Z is diagnostic; lesser changes may be deceptive 
and a deep S wave in V5 or V6 is not diagnostic. 
Total clockwise anterior loops in the horizontal 
plane, that is loss of the initial counterclockwise 
loop, occur in ventricular arrhythmias and appear 
to be rare in right bundle aberration alone. These 
loops also produce R waves in V1, which are 
usually monophasic but may show a notch or a 
slur on the upstroke. This feature and the accuracy 
of lesser abnormalities of tangential QRS velocity 
become more accurate if the normal QRS contour 
is known. There are other less significant features 
of ventricular arrhythmias: inferior or rightward 
orientation of ventricular extrasystoles is common?? 
but this is infrequent in uncomplicated right and 
left bundle-branch aberration; increased maximum 
spatial QRS voltage so that large QRS complexes 
are found in both frontal and horizontal planes; 
monophasic QRS loops are suggestive of ventricular 
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arrhythmias unless they are directed into the left 
posterior quadrant as may occur with left bundle- 
branch block aberration. 

We must, however, stress that while most ventri- 
cular arrhythmias can be distinguished from 
supraventricular arrhythmias with aberrant con- 
duction, this is not always possible; in particular, 
ventricular arrhythmias may be indistinguishable 
from atrial fibrillation in the Wolff-Parkinson-White 
syndrome. 
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High-fidelity, infinite time constant calibrated 
pressure apexcardiogram and its correlation with 
high-fidelity left ventricular pressure*t 
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SUMMARY A technique of recording the pressure apexcardiogram by means of a high-fidelity piezo- 
resistive transducer has been developed in our laboratory. It permits the quantification of pressure with 
which the transducer is applied to the chest wall as well as the pressure changes during a cardiac cycle. 
In this preliminary report, apexcardiographic pressures were compared with simultaneously recorded 
high-fidelity left ventricular pressure in 32 patients. There were no significant differences in the timing 
of the left ventricular systolic upstroke and the “O” point. Peak dP/dt of the apexcardiogram occurred 
(104-13 ms) significantly earlier than the intraventricular pressure recordings. Though there 
was a correlation between developed diastolic pressure (end-diastolic minus early diastolic pressure) 
measured by the apexcardiogram (20+14mmHg) and intraventricular pressure recordings 
(1146 mmHg), the former was significantly higher. Pressure overshoots in early and late diastole 
contributed to this overestimation by the apexcardiogram but the relative contribution of each phase 
varied from patient to patient. There was a similar correlation between systolic pressures, but this 
index tended to be underestimated by the apexcardiogram. 

The data suggest that the apical impulse is not solely caused by the passive transmission of left 
ventricular pressure. The convenient, direct method of measuring application and developed pressure 
at the apex described in this report permits scientific investigation of the forces responsible for genesis 


of this impulse and its alteration in pathological states. 


Conventional apexcardiography provides a record 
of relative displacement, that is, displacement of 
the chest wall enclosed by the transducer pick-up 
cup in relation to the surrounding area at the rim of 
the cup.! 2 The impulse cardiography of Mounsey? 
and kinetocardiography of Eddleman* record 
absolute chest wall movement at the point of 
measurement in relation to a fixed point in space. 
Both relative and absolute displacement recordings 
are significantly modified by physical properties of 
the chest wall and the application or loading 
pressure. Therefore, it has been felt for some time 
that the measurement of the force or pressure which 
causes the displacement would be more meaningful 
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and reliable. The basic principles underlying this 
technique have been elucidated by Willems et al.5 
using either fluid-filled pressure transducers or 
Telco catheters in dogs and fluid-filled pressure 
transducers in man. Gleichmann et al.,* and Witte 
and Heublen’ used strain-gauge transducers in 
human subjects to measure the force on the chest 
wall at the point of apical impulse, but, unfortun- 
ately, their technique did not permit measurement 
of application pressure, which must be known to 
calibrate the system properly. 

We have developed a technique of recording the 
apexcardiogram by means of a high-fidelity piezo- 
resistive pressure transducer. It permits quanti- 
fication of both application pressure as well as 
pressure changes during the cardiac cycle. In this 
preliminary report, we compare the results of 
external pressure recordings with intraventricular 
pressure recordings obtained by a similar transducer. 
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Calibrated pressure apexcardiography 
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Subjects and methods 


Our apexcardiographic transducer (Fig. 1) is a 
piezo-resistive strain gauge mounted on a thin 
stainless steel diaphragm approximately 2 mm in 
diameter. The dynamic range of the transducer is 
from zero to 1520 mmHg with a flat frequency 
response from zero to 10 000 Hz. 

The four-leg active bridge is supplied with a 
highly regulated direct current voltage of - 3 volts. 
The signal voltage is amplified by an instrumenta- 
tion amplifier so that an output of 1 volt is equivalent 
to a pressure of 100 mmHg. The system is calibrated 
with air pressure using a sphygmomanometer. 

The voltage generated by the total pressure (which 
is the sum of static pressure and dynamic pressure) 
is fed into the summing junction of an operational 
amplifier. A negative voltage is then applied to 
offset the output so that the “0” point of the apex- 
cardiogram is close to the baseline. The loading 
pressure is determined from the negative voltage 
applied since the latter is calibrated (1 volt 
100 mmHg). The negative voltage opposing the 
loading pressure could be applied in steps of 0, 40, 
80, 200, 400, and 800 mmHg. The signal is then 
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Fig. 1 Prototype of pressure 
apexcardiographic system used in 
this study. The positive numbers 
on the amplifier are used to 
calibrate the pressure signal while 
the negative numbers on the left- 
hand side indicate the negative 
pressure apptied to offset the 
loading pressure. 









OP/OT 
1000 MMHG/SEC 


TE oro: CA 


200 MMHG/SEC 


passed through a low-pass Butterworth filter with 
40 db/decade roll-off above 25 Hz and electronically 
differentiated and calibrated (1 volt = 1000 mmHg)s) 
to measure dP/dt of the apexcardiogram. The 
undifferentiated signal is used to record the 
apexcardiographic pressure. 

With the patient in the semi-left lateral recumbent 
position, the apexcardiograph transducer was held 
to the chest wall at the point of maximal apical 
impulse by means of a three-legged holder fastened 
to the patient with a three-way elastic strap. The 
transducer was advanced in the centre of the 
holder by means of a screw; thus, the loading 
pressure could be controlled by adjusting the 
advancement of the transducer. The apexcardio- 
gram was recorded with a loading pressure of 200 
and 400 mmHg. Loading pressure was increased 
beyond 200 mmHg until the maximal amplitude of 
the systolic wave was obtained. Respiration was 
held at the point where maximal amplitude was 
achieved. 

Simultaneous recordings of the apexcardiogram, 
left ventricular pressure, and their first derivatives 
were recorded in 32 patients (23 men, nine women) 
undergoing cardiac catheterisation. Their mean age 


Fig. 2 Calculation of pressures 
from the apexcardiogram | ACG). 
The signal has also been processed 
to yield the first derivative of 
pressure (dP dt) anda 
phonocardiogram (phono). 
Developed diastolic pressure 
(DDP) ts measured from the 
early diastolic nadir to the onset 
of the systolic wave upstroke. 
Systolic pressure is measured 
from the early diastolic nadir to 
the peak of the systolic wave. 
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Fig. 3 Identification of the onsets 
of the systolic wave upstroke and 
“0” points in simultaneous 
recordings of ACG and left 
ventricular (LV) pressure and 
their first derivatives (dP/dt). 
Systolic upstroke onsets were 
directly identified in the pressure 
traces. The “0” point was the 
point where a dP/dt of zero 
mmHg/s was reached in early 
diastole. 











was 52+14 years (+SD). Their diagnoses were: 
atherosclerotic heart disease in 12, valvular aortic 
stenosis in six, aortic regurgitation in seven, mitral 
regurgitation in four, cardiomyopathy in two, and 
coarctation of the aorta in one. Three patients were 
in atrial fibrillation, and the remainder were in sinus 
rhythm. Left ventricular pressure was recorded 
with a Millar micromanometer catheter. Micro- 
manometer pressure was corrected for the effect 
of gravity by superimposing its pressure over the 
fluid-filled pressure during slow rates of pressure 
change in diastole. The zero reference level for 
pressure measurement was 5 cm below the sternal 
angle. 

For each patient, the following measurements 
represented an average of five consecutive cardiac 
cycles and were obtained from recordings taken at 
a paper speed of 100 to 200 mm/s, with 20 ms time 
lines. Developed diastolic pressure of the apex- 
cardiograph was measured from the “0” point to 
the onset of the systolic wave upstroke (Fig. 2). 
Left ventricular developed diastolic pressure was 
left ventricular end-diastolic pressure minus mini- 


Fig. 4 Simultaneous left 
ventricular and ACG pressure 
and dP/dt. The onsets of the 
systolic upstroke and “0” points are 
simultaneous. Developed diastolic 
pressure of the ACG is greater 
than LV developed diastolic 
pressure. ACG systolic pressure 
is less than the LV systolic 
pressure, but peak dP/dt’s are 
identical. 
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mum left ventricular early diastolic pressure. Since 
the left ventricular early diastolic nadir was not a 
temporally distinct point in most patients, zero 
dP/dt in early diastole was selected as the “0” point 
for both the left ventricle and apexcardiogram in all 
cases (Fig. 3 and 4). Systolic pressure of the apex- 
cardiogram was measured from the “0” point to 
the peak of the systolic wave (Fig. 2); apexcardio- 
graph systolic pressure was not measured in seven 
patients since recordings were obtained only at 
high gain in these subjects. 

Left ventricular and apexcardiograph pressure 
recordings were compared with respect to the 
occurrence of the onset of the systolic upstroke, “0” . 
point and peak dP/dt. The following comparisons 
of pressures were made: left ventricular end- 
diastolic pressure versus left ventricular developed 
diastolic pressure; left ventricular end-diastolic 
pressure versus apexcardiograph developed diastolic 
pressure; left ventricular developed diastolic pres- 
sure versus apexcardiograph developed diastolic 
pressure; left ventricular systolic pressure versus 
apexcardiograph systolic pressure; left ventricular 
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peak dP/dt versus apexcardiograph peak dP/dt. 
‘The comparison was made using paired data and 
Student’s t test. The null hypothesis tested statisti- 
cally was no significant difference between pairs. 
For these data, Pearson’s correlation coefficient was 
derived and regression analysis performed assuming 
a linear relation. Only correlation coefficients 
significantly different from zero are reported. 


Results 


ONSET OF LEFT VENTRICULAR SYSTOLIC 
WAVE 

The onsets of the systolic waves in the apexcardio- 
gram and left ventricular pressure traces were not 
‘significantly different. They were simultaneous in 
24 of the 32 patients (Fig. 4), occurred 10 to 40 ms 
earlier in the apexcardiogram of six patients (Fig. 3), 
and were earlier by 20 ms in the left ventricular 
pressure traces of two patients. 


**Q? POINT 
"The **0" point of the apexcardiogram was simul- 
taneous with left ventricular pressure in 22 patients 
(Fig. 4), preceded it by 10 to 40 ms in eight patients, 
and followed it by 20 and 40 ms, respectively, in 
two patients (Fig. 3). The mean difference (-- SD) 
"was 5 (+16) ms which was not statistically sig- 
nificant. 
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Fig.5 Left ventricular end-diastolic pressure versus 
developed diastolic pressure determined from the 
apexcardiogram. The heavy solid line is the regression line, 
and the light solid line is the line of identity. 
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Fig. 6 Left ventricular developed diastolic pressure 
versus apexcardiogram developed diastolic pressure. The 
heavy solid line is the regression line and the light solid 
line is the line of identity. 


OCCURRENCE OF PEAK DP/DT 

Peak dP/dt of the apexcardiogram preceded that of 
left ventricular pressure by 5 to 35ms in 20 
patients (Fig. 3), occurred simultaneously with it in 
nine patients (Fig. 4), and followed it by 5 to 15 ms 
in three patients (mean (+SD), 10 (+13) ms; 
p<0-001). 





DIASTOLIC PRESSURE 

Left ventricular end-diastolic pressure in the 32 
patients ranged from 6 to 27 mmHg (mean +SD = 
15 +6 mmHg). Developed diastolic left ventricular 
pressure ranged from 3 to 22 mmHg (mean +SD = 
11 +6 mmHg) and though this correlated with left 
ventricular end-diastolic pressure (r-0-79), the 
two were significantly different (p<0-001). The 
developed diastolic pressure of the apexcardiogram 
ranged from 3 to 71 mmHg (mean +SD = 20414 
mmHg) and correlated with left ventricular end- 
diastolic pressure (r=0-69) (Fig. 5) and left 
ventricular developed diastolic pressure (r=0-62) 
(Fig. 6), but was systematically higher than both 
(p « 0-025 and p « 0-001, respectively.) 

Left ventricular and apexcardiographic pressure 
contours could be superimposed during mid- 
diastolic slow rates of pressure change in 22 patients 
(Fig. 7). In 16 of these 22, the developed diastolic 
pressure of the apexcardiogram exceeded that of 
the left ventricle by 1 to 18 mmHg (mean +SD = 
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Fig. 7 Simultaneous tracings of 
apexcardiogram and left 
ventricular pressures with 
superimposition of pressures 
during slow rates of pressure 
change in mid-diastole. The 
tracing at the top is the 
electrocardiogram. The 
apexcardiogram demonstrates 

a negative “overshoot” in early 
diastole and a positive 
“overshoot” at end-diastole. 


me. 


100 mmHg 


11 +5 mmHg). In five and four of the 16, this over- 
estimation by the apexcardiogram was totally 
accounted for by early and late diastolic “‘over- 
shoots”, respectively. In the remaining seven 
patients, overshoots occurred at both points. 


SYSTOLIC PRESSURE (Fig. 8) 

Left ventricular systolic pressure in 25 patients 
ranged from 87 to 280mmEHg (mean +SD = 
160 -+50 mmHg) and apexcardiographic systolic 
pressure varied from 60 to 684 mmHg (mean +SD 
—154 +129 mmHg) (r=0-69). Compared with left 
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Fig. 8 Left ventricular systolic pressure versus 
apexcardiographic systolic pressure. The heavy solid line 
is the regression line and the light solid line the line of 
identity. 
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Fig.9 Left ventricular peak dP/dt versus apexcardio- 
graphic peak dP/dt. The heavy solid line is the 
regression line and the light solid line the line of identity. 


ventricular systolic pressure, the apexcardiograph: 
systolic pressure was lower by 10 to 85 mmHg in 
17 patients, higher by 3 to 404mmHg in five 
patients, and equal in three patients. The patient 
with the highest left ventricular systolic pressure 
had an apexcardiograph systolic pressure 684- 
mmHg; with this patient excluded from the statisti- 
cal analysis, apexcardiograph systolic pressure was. 
significantly lower (p « 0-025) than intraventricular 
systolic pressure. 


DP/DT (Fig. 9) 
Left ventricular peak dP/dt ranged from 576 to 


Calibrated pressure apexcardiography 


2062 mmHg/s (mean +SD = 1309 +408 mmHg/s) 
and apexcardiographic peak dP/dt ranged from 477 
to 3757 mmHg/s (mean +SD = 1456 +620 
mmHg/s). Correlation between the two was poor 
(r 0-42). 


Discussion 


Calibrated pressure apexcardiography employing 
piezo-resistive transducers has several distinct 
advantages: (1) it permits quantification of the 
apical impulse in mmHg and is essentially independ- 
ent of chest wall displacement. The latter depends 
on chest wall compliance, which may vary from 
patient to patient. It should be noted, however, 
that the pressure perceived by the external trans- 
ducer at the apex is caused by both active dynamic 
forces originating from cardiac motion, as well as 
passive transmission of ventricular pressure; (2) it 
permits quantification of the application or loading 
pressure. The pressure apexcardiographic trans- 
ducer head must be applied to the chest wall with 
sufficient pressure so that proper coupling is 
obtained between it and the underlying ventricle. 
Since both displacement? and pressure? measured 
by apexcardiography have been shown to be 
dependent upon loading pressure, measurement of 
the latter is crucial for the quantification of any 
apexcardiographic signal; (3) the system has an 
infinitely long time constant (zero to 20 kHz band 
width), which circumvents the disadvantages of 
poor time-constant apexcardiographic recordings. 
The method, however, has disadvantages and 
limitations: (a) it is not possible to record the apex- 
cardiogram in all patients, though our experience 
has been that such failure occurs in patients whose 
apexcardiogram has not been obtainable by other 
techniques. (b) As with any apexcardiographic 
system, the position of the patient and placement of 
the transducer has a significant effect on the height 
of the signal, and both must be optimal to obtain 
the maximal impulse. (c) With this, our first model, 
we could quantify the loading pressure only in steps 
of 40, 80, 200, 400, and 800 mmHg. This did not 
allow the precise quantification which may be 
essential for acceptably reproducible measurements 
of loading pressure. (d) The transducers require care- 
ful handling since any irreversible deformation of the 
stainless steel diaphragm would modify the pressure 
calibration and any violent force applied to it (such 
as striking it on a hard surface) would destroy the 
transducer. (e) The system is relatively expensive. 
When the pressure apexcardiogram was used to 
identify the onset of the left ventricular systolic 
upstroke, no significant differences in timing were 
found between this and internal left ventricular 
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micromanometer pressure tracings. Previously, 
using fluid-filled catheter systems for recording left 
ventricular pressure, Inoue et al.8 found that the 
apexcardiograph upstroke preceded the onset of 
left ventricular pressure rise by an average interval 
of 17 ms though Tavel et al.? reported no signifi- 
cant differences in timing. Using micromanometer 
catheters, Fabian et al.1° also found that the left 
ventricular pressure upstroke followed that of the 
apexcardiogram by 20ms but our data are in 
agreement with the findings of Manolas er al.® in 
humans and Willems et al.}* in dogs who reported 
no systematic differences in timing of these 
two events. While there may be no significant 
discrepancy between groups of patients, individual 
variations may be based upon more than methodo- 
logical error. As suggested by Tafur er al! 
and Tavel et al.? the initial portion of ventricular 
mechanical systole may be associated with a change 
in ventricular configuration unaccompanied by a 
rise in pressure. If this change in configuration 
results in an outward thrust, the upstroke of the 
apexcardiogram may precede the left ventricular 
pressure rise, but if it results in retraction, then the 
initial rise in pressure may not be perceived by the 
external transducer and the upstroke of the apex- 
cardiogram may follow that of the left ventricular 
pressure. 

'The early diastolic nadir of the left ventricular 
pressure trace represents an equilibration point 
where the pressure rise in the left ventricle resulting 
from filling cannot be compensated by the pressure 
fall caused by active relaxation. The point is not 
very sharp in the pressure traces of most patients, 
particularly when recordings are made at a high 
paper speed of 100 to 200 mm/s. Since the equilibra- 
tion point should be equal to zero dP/dt in early 
diastole, measurements of the left ventricular 
pressure and the apexcardiogram were related to 
this reference point. They were identical or the 
apexcardiogram was earlier than the left ventricle 
except in a few cases. The earlier occurrence of the 
“0”? point in the apexcardiogram may be a result of 
the relaxing but expanding heart causing a positive 
thrust on the chest wall while left ventricular 
pressure continues to fall. 

Since there is no zero reference level, the pressure 
apexcardiogram is capable only of measuring changes 
in left ventricular diastolic pressure. If the externally 
recorded diastolic pressure changes were solely 
caused by passive transmission of left ventricular 
diastolic pressure, then both developed diastolic 
pressures should have been essentially equal. 
Though a correlation was found between apex- 
cardiographic and left ventricular developed diastolic 
pressure, the former was systematically higher than 
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the latter. Since apexcardiographic and left 
ventricular-pressure--contours ‘appeared to be 
superimposable in most patients during mid- 
diastolic slow rates of pressure change, we attempted 
to determine the relative contributions of early and 
late diastolic overshoots to this overestimation. 
Examination of data in this group of patients 
showed that both negative early and positive late 
diastolic overshoots contributed to the higher 
developed diastolic pressure recorded in the 
apexcardiogram. The relative contribution of each 
phase varied, however, from patient to patient. In 
the present study, we did not attempt to determine 
which factors (ventricular volume, wall thickness, 
tension) were important in determining the 
magnitude and phase of these overshoots. This 
investigation is now possible since the loading 
pressure and pressure changes sensed by the apex- 
cardiogram can be quantified. 

Although a correlation was found between left 
ventricular and apexcardiographic systolic pressures, 
the latter tended to underestimate systolic pressure 
in the majority of patients. This probably results 
from loss of proper contact with the underlying 
ventricle as the chamber progressively decreases in 
size during systole. However, the apexcardiogram 
was higher than the left ventricular systolic pressure 
in five patients and this may be because of the 
ballistic force exerted by the heart against the chest 
wall during forward ejection of the stroke volume. 
In a few patients, these positive and negative forces 
may cancel each other completely so that equal 
systolic pressures are recorded in the apexcardio- 
gram and left ventricle. It is possible that there 
would be a better correlation between internal and 
external pressure if they were measured at the time 
of aortic valve opening as suggested by Kesteloot 
et al.* If this were the case, there should be a good 
correlation between external and internal peak 
dP/dt. We did not find such a correlation, casting 
doubt on this premise. 

It is clear that differences exist between left 
ventricular pressure and pressure measured at the 
apex, suggesting that the apical impulse is not 
simply caused by passive transmission of internal 
pressures. The convenient, direct method of 
measuring application and developed pressures at 
the apex described in this report permits the 
scientific investigation of forces responsible for the 
genesis of this impulse and its alteration in patho- 
logical states. 


Reddy, Meno, O’Toole, Curtiss, Griff 
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Heart murmurs audible across the room 
in children with mitral valve prolapse 


GARRICK I FIDDLER, OLIVE SCOTT 


From the Department of Paediatric Cardiology, Killingbeck. Hospital, Leeds 


SUMMARY Three children are described in whom an unusual heart murmur was intermittently audible 
in the same room without a stethoscope. Subsequent investigations disclosed mitral valve prolapse 


in all three patients. 


A century ago, Osler! drew attention to heart 
murmurs audible at some distance from the chest 
wall. He described in detail an otherwise healthy 
12-year-old girl with an intermittent high pitched 
systolic murmur, which when present was audible 
across the room and altered in intensity with postural 
changes. He was impressed by “the absence of 
signs of grave heart disease". An earlier description 
of similar unusual murmurs appeared in Germany 
in 1878.? 

'The aetiology of these murmurs, whether audible 
with or without a stethoscope, remained contro- 
versial and they were described as “whoops”? and 
later as “‘praecordial honks".* Rackley et al.* were 
the first to suggest that the murmurs arose from 
the mitral valve. Leon et al. using intracardiac 
phonocardiography concluded from a study of 
nine patients that “these sounds were part of a 
spectrum of acoustical events associated with mitral 
incompetence”. 


We have recently encountered three children 


with similar findings to Osler’s original case in 
whom subsequent investigations showed mitral 
valve prolapse. 


Material and methods 


M-mode echocardiography using standard tech- 
niques was performed using an Organon Teknika 
Ultrasonoscope interfaced with a strip chart 
recorder. In all the patients a 5 MHz unfocused 
transducer was used. Phonocardiograms were 
recorded on a Cambridge recorder with a 100 to 
600 Hz frequency range. Ambulatory electrocardio- 
gram monitoring was performed using an Oxford 
Instruments analogue recorder. 
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Case reports 


CASE 1 

A previously healthy girl was first seen at 10 years 
of age with a one-year history of an intermittent 
sound emanating from her chest in time with the 
heart beat. The sound was never present when she 
visited her family doctor, but was loud enough to 
be tape recorded at home by her parents and 
occurred in episodes lasting from two to 20 minutes. 
The recording revealed a high pitched “whooping 
sound”. Physical examination was normal apart 
from a short grade 2/6 systolic murmur in the mitral 
area. The chest x-ray was normal, as was the electro- 
cardiogram apart from some minimal T wave 
flattening in the inferior leads. She was not con- 
sidered to have significant heart disease. When she 
was seen again six years later, she was still well and 
had experienced no further episodes of the chest 
sound for three years. She did, however, admit to 
being occasionally aware of her heart beating 
rapidly. The physical findings were unchanged, 
except that a mid-systolic click was now audible. 
The chest x-ray and electrocardiogram were 
unchanged. Echocardiography showed late systolic 
prolapse of both mitral leaflets with normal 
dimensions of the left atrium and left ventricle. 
Phonocardiography confirmed the presence of a 
short late systolic murmur, but no click was 
identified. Ambulatory electrocardiogram monitor- 
ing over a 48-hour period showed sinus rhythm 
with occasional runs of frequent multifocal ventri- 
cular ectopic beats and short periods of coupling. 


CASE 2 
A healthy girl was first seen at the age of 12 years. 
Her general practitioner had recently detected a 
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murmur during an examination at the time of a 
respiratory infection. The patient, herself, had 
noticed an intermittent noise from her chest 
during the previous three months and on several 
occasions it had been: heard by her parents in the 
same room. It had been first noted after she had 
stretched her arms above her head and it seemed 
to be related to exercise. Examination was within 
normal limits except for a short grade 2/6 blowing 
mid-systolic murmur in the mitral area. The chest 
x-ray was normal as was the electrocardiogram 
apart from some flattened T waves in the inferior 
leads. When seen again 18 months later she was 
well but was still aware of the noise, which tended 
to be audible when her arms were above her head. 
There were no symptoms referrable to the cardio- 
vascular system. Physical findings were unchanged 
except for the presence of a mid-systolic click. The 
chest x-ray and electrocardiogram were unchanged. 
Echocardiography demonstrated late systolic pro- 


lapse of both mitral leaflets with normal chamber, 


dimensions, while phonocardiography identified 
only a mid-systolic click (Fig). Ambulatory 
electrocardiogram monitoring over a 48-hour 
period showed sinus rhythm with very occasional 
unifocal ventricular ectopic beats. 


CASE 3 

A boy was first seen at the age of 10 years. Two 
years previously he had been admitted to his local 
hospital with a diagnosis of pericarditis. For four 
days before admission he had severe vomiting with 
diarrhoea and on the day before admission, while 
straining to vomit, he suddenly became aware of a 
squeaking noise coming from his chest. The noise 
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was also heard by his parents on entering his 
bedroom and caused them great concern. While in 
hospital the noise occurred intermittently and 
seemed related to posture, and because of these 
features it was thought to be a friction rub. After 
eight weeks’ bed rest he was discharged and during 
outpatient follow-up he remained well, but he 
continued to notice the noise intermittently, especi- 
ally after climbing stairs or with an involuntary 
Valsalva manoeuvre. Examination at our clinic was 
within normal limits except for a grade 2/6 late 
systolic murmur in the mitral area. The chest x-ray 
was normal and the electrocardiogram showed T 
wave flattening in the inferior leads. Echocardio- 
graphy showed late systolic prolapse of both mitral 
leaflets and increased amplitude of excursion of the 
anterior leaflet. The left atrial and left ventricular 
dimensions were normal. Phonocardiography 
demonstrated a quiet late systolic murmur and 
ambulatory electrocardiogram monitoring over a 
48-hour period disclosed normal sinus rhythm. 


Discussion Be 


Mitral valve prolapse is now thought to be the most 
common cardiac valve disorder in adults. It has 
also been reported in children from the age of 2 
years onwards.® The clinical, electrocardiographic, 
radiological, and echocardiographic features have 
been well described since its recognition as a 
distinct clinical entity by Barlow in 1963.9? 
Several reviews have mentioned patients being 
aware of their own ‘murmurs,’ ? but to our present 
knowledge, only seven patients, including Osler's 
case, with murmurs loud enough to be heard across 
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Fig. Phonocardiogram and 
echocardiogram from case 2. 
Phonocardiogram recorded at apex 
demonstrates late systolic click 
(c). Echocardiogram demonstrates 
late systolic prolapse of the mitral 
valve—arrows. ECG, 
electrocardiogram; IVS, 
interventricular septum. 
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Heart murmurs audible across the room in children with mitral valve prolapse 


the room, have been described in detail. 19714 Six 
were girls ranging in age from 3 to 12 years and 
one was a boy aged 12 years. This female preponder- 
ance, a well-recognised feature of mitral valve 
prolapse, was also seen in our patients. The 
‘intermittent nature of the murmurs and their 
appearance on exercise or excitement are features 
of the mitral valve prolapse syndrome and were 


present in our patients. Changes in left ventricular - 
and diastolic dimension alter the timing of the. 


mitral valve.prolapse, and volume changes alter the 
intensity of the murmur. 

` Arrhythmias, both supraventricular and ventri- 
cular, especially after exercise, are common in 
patients with mitral valve prolapse.? In the 
majority of patients, these arrhythmias are benign 
and not associated with symptoms, but in a few 
symptoms may be severe and even life threatenirig.!5 
One of our patients (case 1) had mild symptoms 
associated with an arrhythmia and runs of ventri- 
cular extrasystoles were detected on ambulatory 
monitoring. 

'The original diagnosis of pericarditis in case 3 
is of interest as this diagnostic error has recently 
been reported. 

It thus appears that in many patients with 
murmurs audible across the room there is mitral 
valvé prolapse. Echocardiography with or without 
provocative manoeuvres to produce the murmur is 
useful in detecting such patients. Despite the many 
* different pathological processes incriminated in the 
aetiology of mitral valve prolapse, the outlook in 
the vast majority of patients is good.® The risk of 
developing symptomatic arrhythmias or bacterial 
endocarditis is always present, however, and these 
patients require careful follow-up with antibiotic 
prophylaxis. 


We wish to thank Drs Pugh, Morgan, and Cookson 
for referring the patients. 
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SUMMARY The pre-ejection period of the right ventricle in d-transposition of the great arteries is 
known to be prolonged, compared with the same interval of the left ventricle of normal subjects. 
In the present study, the echocardiographic measurement of the components of the pre-ejection 
period of the right ventricle of 14 patients with d-transposition of the great arteries shows that the 
isometric contraction time of the right ventricle in d-transposition of the great arteries is similar to 
the same interval calculated on the left ventricle of 76 normal children of comparable age. On the 
other hand, the electromechanical delay was significantly greater for the right ventricle of d-transposition 
of the great arteries than for the left ventricle of the normal subjects. It is concluded that the pro- 
longed pre-ejection period of the right ventricle in d-transposition of the great arteries is not the 
result of right ventricular dysfunction but solely of a longer electromechanical delay. 


In d-transposition of the great arteries (d-TGA), 
the right ventricle must maintain a normal output 
against the high resistance of the systemic circula- 
tion. Its ability to sustain this load throughout life 
has been seriously questioned since angiographic 
studies have shown that right ventricular end- 
diastolic volume is abnormally increased and the 
ejection fraction decreased, both before and after 
intra-atrial repair by the Mustard procedure. ? 
A recent publication on the assessment of myo- 
cardial function after Mustard’s operation showed 
that the ratio of systolic time intervals for the 
right and left ventricles was appropriate for normal 
systemic and pulmonary ventricles, respectively.? 


On the other hand most studies on myocardial | 


function using systolic time intervals seem to be 
in agreement with volume measurements and have 
shown a prolonged right ventricular pre-ejection 
period and a shortened right ventricular ejection 
time in d-TGA suggesting that right ventricular 
function was depressed.* 5 However, these reports 
did not specify which part of the pre-ejection period, 
that is the electromechanical delay or the isovolumic 
contraction time, was responsible for prolonging 
the right ventricular pre-ejection period. Clarifica- 


* Work supported in part by the Canadian Heart Foundations, La 
Fondation Justine-Lacoste-Beaubien and the MacDonald Stewart 
Foundation. 
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tion of this point is essential before any conclusion 
can be drawn about the performance of the right 
ventricle. Indeed, isovolumic contraction time is the 
component of the pre-ejection period widely 
recognised as a reliable index of myocardial 
contractility.9 7 

The frequent clinical observation that post- 
operative patients with d-TGA achieve normal 
physical performance without any sign of cardiac 
failure, and the fact that a prolonged right ventri- 
cular pre-ejection period has been found right after 
birth in this disease,’ prompted us to investigate 
the possibility that in d-TGA, the right ventricular 
pre-ejection period was prolonged because of the 
lengthening of the right ventricular electro- 
mechanical delay. 


Subjects and methods ` 


Fourteen patients with d- T GA, surgically repaired 
by Mustard procedure, were included in this study. 
In all but two an atrial septostomy had been done 
previously. Their ages varied from 34 to 16 years, 
with a mean of 7 years. Duration of follow-up after 
corrective surgery averaged three years and eight 
months (range: one to six years). They were all 
clinically asymptomatic. Associated lesions included 
mild pulmonary stenosis in two and a small 
ventricular septal defect in one. In all patients, the 
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standard electrocardiogram showed right ventricular 
hypertrophy, without evidence of abnormal intra- 
ventricular conduction delay. Another group of 76 
healthy children, aged 2} to 16 years, with a mean 
of 8 years, was chosen for comparison. 

In all cases echocardiograms were taken with an 
Echoline 20 A ultrasonoscope, coupled with a 
Cambridge fibreoptic recorder. An electrocardio- 
graphic lead with a well-identified Q wave was 
simultaneously recorded. Systolic time intervals 
were measured according to techniques already 
described.® ? The pre-ejection period of the systemic 
ventricle was calculated from the beginning of the 
Q wave on the electrocardiogram to the opening 
point of the aortic valve leaflets and identified as 
right ventricular pre-ejection period (RPEP) for the 
d-TGA group and left ventricular pre-ejection 
period (LPEP) for the normals. The corresponding 
isovolumic contraction time is, for the d-TGA, the 
difference between Q to aortic valve opening and 
Q to tricuspid valve closure (RICT) (Fig), and for 
the normals, the difference between Q to aortic 
valve opening and Q to mitral valve closure (LICT). 
The electromechanical delay was calculated as 
RPEP less RICT (REMD), and LPEP less LICT 
(LEMD). In the group of normal subjects, the pre- 
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Fig. Composite of aortic and tricuspid echograms of a 
patient with d-TGA showing the technique of measurement 
of Q to aortic valve opening (QAo) and Q to tricuspid 
valve closure (QTc). Isovolumic contraction time 

= QAo- QTc. 
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ejection period of the right ventricle was measured 
from the beginning of the Q wave to the opening 
point of the pulmonary valves; isovolumic contrac- 
tion time was calculated as the difference of Q to 
pulmonary valve opening less Q to tricuspid valve 
closure, and electromechanical delay was the 
difference of the pre-ejection period less isovolumic 
contraction time. The paper speed was set as 100 
mm/s, allowing measurement to the nearest 5 ms.}° 
The average of at least five cardiac cycles was used 
in the calculations. Measurements were made at 
similar RR intervals. . 

In order to select the proper parametric tests for 
the statistical analysis of our materials, normality of 
the data was assessed by Lilliefors’s test, and 
equality of variances by Bartlett’s test.!? The 
Student's t test was then used to evaluate the 
difference between right ventricular pre-ejection 
period of the d-TGA group and left ventricular pre- 
ejection period of the normal subjects. À one-way 
analysis of variance with fixed effects was applied to 
compare the right ventricular isovolumic contraction 
time and electromechanical delay of patients with 
d-TGA, to the same intervals calculated on the 
left and right ventricular echocardiograms of the 
group of normal children. A contrast analysis using 
Scheffe's technique was applied to determine the 
means that were significantly different. 

In the group of normal subjects, the regression 
equations of isovolumic contraction time and electro- 
mechanical delay versus heart rate yielded weak 
correlation coefficients (r—0-44 and 0-22, respec- 
tively). This is in accordance with previous publica- 
tions on the subject.? 14 For this reason, comparisons 
were made between values uncorrected for heart 
rate. 


Results 


Values found for the components of the pre-ejection 
period of the systemic right ventricle of the 14 
children with d-T'GA are given in the Table, as 
well as the mean values for the left and right 
ventricles of 76 normal subjects. The mean pre- 
ejection period of the right ventricle of patients 
with d-TGA was significantly greater (98 ms, 
SD —13) than the same interval for the left ventricle 
of normal children (79 ms, SD —10) (p<0-001). 
'The right ventricular isovolumic contraction time 
of the d-TGA was not prolonged (26 ms, SD —5) 
when compared with values obtained in normal left 
ventricles (33 ms, SD —8). On tbe other hand, the 
electromechanical delay of the right ventricle in 
d-TGA averaged 72 ms (SD=11), while the same 
interval measured on the left ventricle of normal 
children was 46ms (SD=8). The difference 
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between these two values is highly significant 
(p < 0-001). 

The average value of 72 ms found for the electro- 
mechanical delay of the right ventricle of patients 
with d-TGA was higher (p<0-01) than that 
observed in the right ventricle of our group of 
normals (60 ms, SD=9). The:same observation 
can be made for the right ventricular isovolumic 
contraction time in d-TGA (26 ms, SD =5) and in 
normal subjects (13 ms, SD —8) (p <0-01). 


Table 1 Pre-ejection period and its components in 
systemic ventricle of patients with d-TGA and in left and 
right ventricles of 76 normal children 








Case no. Age (y) PEP (ms) ICT (ms) EMD (ms) 
Patients with d-TGA 

1 i 100 25 75 

2 4} 80 27 53 

3 5 100 20 80 

4 5 92 20 72 

5 5 105 25 80 

6 5 80 22 58 

7 5 78 28 50 

8 5 103 25 78 

9 7 105 30 75 

10 8 85 25 60 
il 9 118 38 80 
12 9 110 28 82 
13 10 105 25 80 
14 16 110 30 80 
Mean 7 98(SD13) 26(SD5 72 (SD 11) 

Range: 35 to 16 
Normal children : 
Mean 
LV 8 79(SD10) 33(SD 8) 46 (SD 8) 
Range: 24 to 16 
Mean 
RV — 73 (SD 9) 13 (SD 8) 60 (SD 9) 





Abbreviations: PEP, pre-ejection period; ICT, isovolumic 
contraction time; EMD, electromechanical delay; SD, standard 
deviation; LV, left ventricle; RV, right ventricle. 


Comments 


The ability of the right ventricle to perform 
adequately as a systemic pump is crucial for the 
long-term prognosis of patients with d-TGA 
having undergone intra-atrial rerouting of the 
venous return. Previous angiographic studies have 
compared volumetric parameters of the right 
ventricle of patients with d-TGA with those of the 
right ventricle of normal individuals. Abnormal 
values were always found.! ? !5 In fact, the question 
is how the right ventricle in d-TGA compares with 
the left ventricle of normal individuals. Such an 
approach has been applied in echocardiographic 
studies, where right ventricular systolic time inter- 
vals of d-TGA were compared with left ventricular 
intervals of normal subjects. In most of these 
studies, the conclusion that the right ventricular 
function was depressed in d-TGA, was based on 
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finding a prolonged right ventricular pre-ejection 
period.* > The present study demonstrates that this 
conclusion is unwarranted. Indeed, the part of the 
pre-ejection period which closely correlates with 
measures of contractility, that is the isovolumic con- 
traction time, is, in our group of d-T'GA, similar 
to.the same interval measured on the left ventricle 
of normal subjects. This finding is in full agreement 
with the normal pressure-velocity indices (dP/dt 
and derived velocity variables) previously reported 
for the right ventricle of d- T GA.!5 !? The apparent 
contradiction between our results and the data 
presented in the angiographic reports may be 
explained by the work of Peterson and co-workers,!? 
who showed that changes in ejection fraction 
volumes and modification of the contractile state 
could occur independently of each other. 

According to the present study, it is the prolonga- 
tion of the right ventricular electromechanical 
delay which is responsible for the longer right 
ventricular pre-ejection period described in d-TGA 
when compared with the normal left ventricle. A 
previous report on time relation of dynamic events 
in the cardiac chambers, has documented a longer 
electromechanical delay for the right ventricle than 
for the left ventricle in normal hearts.!? Moreover, 
in our study, the right ventricular electro- 
mechanical delay in d-TGA has been found to be 
longer than that of normal right ventricles. This 
could be because of the greater myocardial mass of 
the hypertrophied right ventricle in d-TGA, 
resulting in a longer ventricular activation time.*° 

We believe that serial evaluation by systolic time 
intervals of right ventricular function in d-TGA 
should be based on the measurement of the iso- 
volumic contraction time in preference to that of 
the complete pre-ejection period. 
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SUMMARY Thirty-four patients with coronary artery disease were exercised on a bicycle ergometer 
until they developed angina. There was a highly significant fall in ejection fraction from a mean of 61-1 
to 52-9 which was more pronounced in the group with three vessel coronary artery disease. A coronary 
index was computed which took into account the extent and distribution of coronary artery lesions. 
Those patients with an index <0-3 (that is more severe disease) had greater falls in ejection fraction 
than those with higher indices. All five patients in whom there was a fall in ejection fraction of 15 per 
cent or more had triple vessel disease. Wall motion abnormalities were assessed by a hemiaxial method. 
Of 34 exercise-induced zones of wall motion abnormalities, 32 were in regions supplied by significantly 
stenosed coronary arteries. 

A test was defined as positive if there was an abnormal exercise ejection fraction (<50%), an 
exercise-induced wall motion abnormality, or a fall in ejection fraction at angina of at least 10 per 
cent. Of the 19 patients with triple vessel disease, 18 (95 97) had a positive result, as did 11 of 15 (73 %) 
patients with one or two vessel disease. A group of eight patients with normal coronary arteries were : 
also exercised and in none of these was there a positive result. Exercise first-pass radionuclide ventri- 
culography demonstrates changes in global and regional ventricular function in patients with coronary 
artery disease which are not present in normal subjects. It may also help to identify patients at high 


risk. 


Since the main symptoms of ischaemic heart 
disease are present only at exercise, in recent years 
greater emphasis has been placed on the perform- 
ance of the heart during stress. In the cardiac 
catheterisation laboratory both atrial pacing! ? and 
hand grip exercise? have been used to induce 
ischaemia. Sharma and Taylor‘ reported a fall in 
ejection fraction on dynamic exercise in patients 
with coronary artery disease undergoing cardiac 
catheterisation. 

Radionuclide ventriculography is a non-invasive 
procedure which allows exercise to be performed 
under more physiological conditions. Borer et a].,* 
using equilibrium gated blood pool scanning in a 
modified left anterior oblique projection, demon- 
strated a fall in ejection fraction in patients exercised 
to angina. Bodenheimer et al., using the first-pass 
technique, also reported changes in regional ejection 
fraction in patients with ischaemic heart disease 
* Supported by a grant from Bayer UK. 
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during hand grip exercise. 

First-pass radionuclide ventriculography has 
been validated against contrast angiograms in the 
detection of regional and general wall motion 
abnormalities at rest? and induced by pacing to 
angina.? 

This study reports the changes in regional wall 
motion and ejection fraction induced by dynamic 
exercise to angina. It relates these changes to the 
extent and distribution of coronary artery lesions. 


Patients and methods 


Thirty-four patients were studied. There were 33 
men and one woman whose ages ranged from 33 
to 67 years (mean 51). All patients were being 
investigated for angina and underwent cardiac 
catheterisation. Beta-blocking drugs were stopped 
48 hours before the investigation. Informed consent 
was obtained in every case. Eight control patients 
with normal coronary arteries were also investigated. 
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Exercise radionuclide ventriculography in coronary disease 


EXERCISE STUDIES 

The patients were positioned under the detector of 
the multicrystal gamma camera (Baird Atomic, 
System 77) in the 20° right anterior oblique 
projection and the electrocardiogram leads attached 
(standard lead I). An intravenous cannula was 
inserted into an antecubital vein, preferably in the 
right arm. The feet of the patient were placed on 
the bicycle pedals and correct positioning ascer- 
tained by injecting a 1 mCi bolus of technetium-99™, 
as pertechnetate, with a saline flush. Electrocardio- 
graphic monitoring was carried out throughout the 
procedure. 

The patients were then exercised on the bicycle 
ergometer in the supine position. The workload 
was increased by 25 watt increments every two 
minutes until the patient began to complain of 
angina. When the pain has reached moderate 
severity, the patient was asked to stop pedalling. 
A 10 mCi bolus of technetium-99™ was injected 
with a rapid saline flush and counting was carried 
out for 50 seconds at a framing rate of 20 per second. 
Data were collected on to disc and stored on 
magnetic tape, correction having been made for 
dead-time of the instrument and for flood field non- 
uniformity. 

Twenty minutes later a static background frame 
of residual blood pool activity was counted with the 
patient in the same position as previously. Im- 
mediately afterwards the resting study was per- 
formed with a 15 mCi bolus. This was corrected 
for residual blood pool background activity as well 
as for dead-time and non-uniformity before storage 
on magnetic tape. 


CORONARY ANGIOGRAPHY 

Coronary angiograms were performed by either 
the Sones or Judkins technique and coronary 
lesions were assessed by an independent observer. 


DATA ANALYSIS 

Radionuclide angiography 

After transferring the data from tape to disc, serial 
frames of each study were summated over 1:5 
second intervals and the left ventricular phase 
identified. A region of interest was selected over the 
left ventricle with a magnetic pen and grid array 
representing the 294 .crystals of the detector. A 
time activity curve was generated and a background 
frame was selected from the pulmonary phase. 
Spatial and temporal correction were then auto- 
matically made during all further data processing 
for the exponential decay of lung activity. The 
peaks and troughs of the left ventricular phase, 
which represent end-diastole and  end-systole, 
respectively; of each cardiac cycle, were used to 
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derive ejection fraction and a representative cardiac 
cycle as previously described.? End-systolic and 
end-diastolic images were obtained from this 
representative cycle and used to generate ventricu- 
lar perimeters. This was achieved by an edge 
enhancement technique whereby the band of 
counts from 25 to 30 per cent of the maximum 
count (N max) in any one cell was isolated and 
normalised to the image with the lower N max. 
'The end-diastolic perimeters were then super- 
imposed so that regional wall motion could be 
assessed. 

Wall motion abnormalities were quantified by a 
hemiaxial method as used by Stone et al.® This 
method was based on that described by Dwyer! 
and Leighton et ai. The long axis of the ventricle 
was drawn from the mid-point of the aortic valve 
plane to the apex. It was then trisected, and 
perpendiculars drawn from the points one-third 
and two-thirds of the distance along it to the 
ventricular perimeters at end-systole and end- 
diastole. Five hemiaxes were generated: two 
anterior, one apical, and two inferior, and the 
percentage shortening of each hemiaxis was 
calculated. The normal range of shortening of each 
hemiaxis was derived from the radionuclide 
ventriculograms of 22 patients without heart disease 
who were studied at rest (Table 1). 

Hypokinesis of any hemiaxis was defined as a 
percentage shortening of less than two standard 
deviations below the mean percentage shortening 
of that hemiaxis in the normals. Akinesis was 
defined as absence of shortening of a given hemiaxis. 


Table 1 Normal ranges of shortening for hemiaxial 
model 





Percentage shortening 
(mean +2SD) 


Hemiaxis 





21-85 
51-100 
47-100 
45-100 
26-89 


VOR Whe 





CORONARY ANGIOGRAMS 

Coronary lesions were graded visually from 0 to 4, 
where grade 0 = normal; grade 1 = 25 per cent 
stenosis; grade 2 = 50 per cent stenosis; grade 3 = 
75 per cent stenosis; and grade 4 = occlusion. 

The extent of coronary disease was classified by 
two methods: 

(1) Conventional separation into single, double, 
or triple vessel disease, where any lesion of grade 2 
or more (that is greater than 50%) was iai as 
a significant stenosis. 
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(2) In order to make greater allowance for position 
and extent of lesions a coronary index was com- 
puted by the method of Balcon er al.12 

For the calculation of the index, the coronary 
tree was divided into 13 anatomical sections (Fig. 1). 
Each section was weighted according to size of 
lesion within it by the formula: 


Gi 


Wi=1 


Where Wi is the weighting of the lesion in the ith 
section, Gi is the grading of the lesion in the 7th 
section. f 

Thus the weighting is zero for an occluded segment 
and 1 for a patent one. An index was then calculated 
for each coronary artery separately: 


LCI (left coronary index) 
" WW, XWW tW AWW: +Ws +W) 
5 





RCI (right coronary index) 
ze) Wail Wa $ Wr F Waa) 
3 


'TCI (total coronary index) 
5xLCI+3xRCI 


8 


Thus allowance is made for the contribution of 
each vessel to total myocardial supply. In addition, 
because of multiplication of serial lesions, proximal 
stenoses will have proportionately greater effect. 
The divisors in the formulae for the calculation 
of the individual indices are the number of terminal 





4 5 7 8 9 1 12 3 


Fig. 1 Model of coronary tree for computation of index 
(1, left main stem; 2, 3, 4, divisions of left anterior 
descending ; 5, diagonal 6, main circumflex; 7, 8, 9, 
lateral circumflex branches; 10, right coronary artery; 
11, 12, 13, inferior left ventricular branches from right 
coronary artery). 
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Fig.2 Exercise-induced change in ejection fraction. 


vessels. A normal system scores 1, and the index 
progressively declines towards 0 as obstruction 
increases. If certain vessels are not present, the 
individual indices and final calculation are adjusted 
accordingly. 


Results 


CORONARY LESIONS 

There were 19 patients with triple vessel disease, 
two of whom also had a significant left main stem 
stenosis, 10 with double vessel disease, and five 
with single vessel disease. Coronary index ranged 
from 0-075 to 0-875. Seventeen patients had an 
index less than 0-3, and 17 an index higher than 0-3. 


GLOBAL LEFT VENTRICULAR FUNCTION 

'The change in ejection fraction on exercise in all 
34 patients with coronary artery disease is shown 
in Fig. 2. Mean ejection fraction fell from 61-1 per 
cent at rest to 52-9 per cent on exercise. This change 
was highly significant (p « 0-0005). In 27 patients 
ejection fraction fell, in four it rose, and in three it 
remained unchanged. In the eight normal patients 
who were also exercised, mean ejection fraction 
rose from 72-1 to 73:5 per cent. The patients with 
triple vessel disease had a highly significant fall in 
ejection fraction on exercise from a mean of 59-3 to 
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47-9 per cent (p « 0-005). Though the group with 
single and double vessel disease also had a significant 
fall in ejection fraction from a mean of 63:3 to 
59-4 per cent (p « 0:05), this was significantly less 
than for the group with triple vessel disease (p « 0-01) 
(Fig. 3). In 16 of the 19 patients with triple vessel 
disease ejection fraction fell on exercise and in 
three it remained unchanged. All five patients with 
a fall in ejection fraction of greater than 15 per cent 
had triple vessel disease. This subgroup contains 
the two patients with a significant left main stem 
stenosis. 

Patients with an index less than 0'3 (that is the 
more extensive disease) had a highly significant fall 
in ejection fraction from 61-7 to 49-4 per cent 
(p <0-0005). Again, this fall was significantly 
greater (p « 0-005) than that which occurred in the 
group with indices of over 0-3 (Fig. 4. All 17 
patients with a coronary index of less than 0:3 had 
a fall in ejection fraction on exercise to angina. 


WALL MOTION CHANGES 

Thirty-four areas of wall motion abnormality were 
induced by exercise. Of these, 10 were anterior, 13 
apical, and 11 inferior in location. All 10 patients 
who developed anterior wall motion changes had 
significant lesions in the anterior descending 
coronary artery. Of the 13 patients who developed 
apical wall motion abnormalities, 12 had lesions in 
either the anterior descending or circumflex systems. 
Of the 11 patients who developed inferior zones of 


1and 2 vessel 
disease 
e 


on 
+ 
= 
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Change in ejection fracti 





-40 
n=19 n=15 
p« 0:005 p<0-05 
L___J 


p<0-01 


Fig. 3 Exercise-induced change in ejection fraction for 
single, double, and triple vessel disease. 
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Fig. 4 Exercise-induced change in ejection fraction : 
coronary index. 


wall motion abnormalities on exercise to angina, 
10 had a lesion in either the right coronary artery 
or the atrioventricular branch of a dominant left 
circumflex system. Thus, of the 34 areas of exercise- 
induced wall motion abnormalities, 32 were in 
regions supplied by significantly stenosed coronary 
arteries (Table 2). 


Table 2 Exercise-induced areas of wall motion 
abnormality 








Number Subtended by 
coronary lesion 
Anterior 10 10 
Apical 13 12 
Inferior 11 10 
Total 34 32 





COMBINED ANALYSIS 

The combination of ejection fraction and regional 
wall motion data allows improved identification of 
patients with coronary artery disease (Table 3). We 
have defined a positive result as an exercise-induced 
wall motion abnormality, an abnormal exercise left 


Table 3 Combined analysis in detection of coronary 
disease 


No induced WMA, 
normal exercise LVEF, 
change in LVEF 


Induced WMA or 
abnormal exercise 
LVEF or fall in 





« 10 per cent fail LVEF z10 per 
cent 
Normal (8) 8 (100%) 0 (0%) 
Single and double 
vessel disease (15) 4 (27%) 11 (73%) 
Triple vessel disease 
(19) 1 (5%) 18 (95%) 


WMA, wall motion abnormalities; LVEF, left ventricular ejection 
fraction. 


Pun 
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ventricular ejection fraction 50 , or a fall in 


ejection fraction of at least 10 per cent on exercise 
No normal patient had a result. Of 15 
patients with single and double vessel disease, 11 
Of the 19 patients with 


positive 
had a positive result (73 
triple vessel disease, 18 (95 had a positive result 
and only one a negative test. Of the 17 patients with 
an index of less than 0:3, 16 had a positive result 
as did 12 of the 17 whose index was greater than 0:3 
Fig. 5 shows the change in ventricular function 
induced by with 


exercise to angina, in à patient 


triple vessel disease. The end-diastolic perimeters 
are mauve in colour and the end-systolic perimeters 
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Discussion 


It is accepted that impairment of left ventricular 
function with the ischaemia,' 
but the investigation of ventricular 


occurs onset of 
function in 
been 
mainly directed towards catheter laboratory studies 
Sharma and Taylor’ 


Matien(tsS with coronary artery disease lds 
tient tl rt 1 I 


at rest showed a fall in 
ejection fraction on exercise during cardiac catheter- 
isation, but did not investigate wall motion changes 
or relate their findings to extent of coronary disease 
cardiac 


catheterisation is an invasive and difficult procedure 


By its very mature, exercise during 


Che application of non-invasive radionuclide tech- 
niques to cardiology has allowed the assessment of 





cardiac function to be made during dynamic 
cise tests which represent a more physiological 
Myocardial perfusion scintigraphy with 
um-201 is widely used," '* but there have 
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patients exercised to angina and investigated by 
equilibrium gated technique, in their study there 
was no quantitative assessment of wall motion 
abnormalities and no attempt was made to relate 
the changes seen to extent of coronary artery disease. 

First-pass ventriculography offers certain ad- 
vantages over the gated technique. Firstly, the 
rapid data acquisition time allows the assessment 
of contraction to take place over a very short period 
and therefore represents the function of the left 
ventricle at true exercise end-point. Secondly, 
since the right and left ventricles do not contain 
counts simultaneously, the right anterior oblique 
projection may be used. This is superior to the left 
anterior oblique in the assessment of regional wall 
motion in ischaemic heart disease." 23-25 The first- 
pass technique has also been able to demonstrate 
wall motion changes at rest? and pacing to angina® 
which correlate with contrast angiography. 

In this study we have shown that falls in ejection 
fraction may be shown by first-pass technique in 
patients with coronary artery disease. These falls 
were significantly greater for the group of patients 
with more extensive lesions. The five patients whose 
ejection fraction fell by more than 15 per cent all 
had triple vessel disease (including two with 
significant left main stem stenosis). 

The use of coronary index to score lesions allows 
for the greater influence of proximal lesions on 
myocardial blood supply and also provides an 
overall assessment of the extent of coronary artery 
obstructions. Previous investigations have shown 
no relation between resting left ventricular function 
and a coronary score. The index used in the 
present study was described by Balcon er al? and 
has been correlated with prognosis and exercise 
tolerence in patients with coronary disease. In this 
study the degree of change of ejection fraction seen 
at angina was higher for those patients with a lower 
coronary index, indicating that stress ventriculo- 
graphy unmasks the effect of coronary lesions on 
myocardial performance. 

A possible criticism of the methods is that two 
consecutive studies were analysed and that a 
consistent error might be introduced by always 
performing the exercise study before the resting one. 
However, Marshall et al.” and Bodenheimer et al.’ 
have shown good agreement between successive 
first-pass investigations and that the order in which 
the respective obliques were used in a biplane study 
did not affect the results. Also the present study 
shows good separation between the groups of 
patients, all of whom were studied in the same way. 

Wall motion abnormalities were analysed by a 
hemiaxial method based on that of Leighton et al. 
Bodenheimer et al" used a similar method for 
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resting nuclear angiograms and found a good 
correlation with contrast angiography. We have 
also reported previously a good correlation between 
nuclear and contrast angiography for pacing- 
induced wall motion abnormalities assessed by this 
hemiaxial model.5 

'There was an excellent association in this study 
between the region of wall motion abnormality and 
the site of coronary artery stenosis. Of 34 abnormal 
segments of contraction induced by exercise, 32 
were in regions supplied by significantly stenosed 
coronary arteries. 'T'he regional information supplied 
by the technique depends on the use of the multi- 
crystal gamma camera and should prove valuable, 
perhaps in combination with perfusion studies, in 
the assessment of the effects of ttesventiond such 
as saphenous vein bypass surgery. 

'The combination of regional wall motion and 
ejection fraction data improved identification of 
patients with coronary disease. Eighteen of 19 
patients with triple vessel disease had a positive 
exercise study and the overall success rate in the 
identification of patients with coronary artery 
disease was 29 of 34 (87-595). Thus the ability of 
this technique to demonstrate regional wall motion 
changes in the right anterior oblique projection is 
vital if the method is used in the screening of 
patients with coronary disease. The results are 
especially important in view of recent doubts about 
the ability of myocardial perfusion scintigraphy with 
thallium-201 to identify patients with triple vessel 
disease.??-22 

Exercise first-pass radionuclide ventriculography 
is a non-invasive technique which provides regional 
and global assessment of ventricular function during 
angina. It should prove valuable in the screening 
and study of patients with ischaemic heart disease 
and may identify patients at high risk. 
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Effect of vasodilator drugs on exercise performance 


in cardiac failure 


Comparison of hydralazine and prazosin 


D H FITCHETT, M PATHE, R PARDY, P DESPAS 
From the McGill University Clinic of the Royal Victoria Hospital, Montreal, PQ, Canada 


SUMMARY Although vasodilator drugs cause haemodynamic improvement at rest, their effect on the 
overall exercise response is uncertain. Nine patients with severe diuretic dependent cardiac failure were 
studied before and during upright bicycle exercise, after the double blind administration of equi- 
hypotensive doses of hydralazine (H) 75 mg, prazosin (Pr) 3 mg, and placebo (Pl) The ventilatory 
response and oxygen uptake were monitored continuously. Cardiac output was measured during the 
third minute of steady state exercise by the CO, rebreathing method. 


At rest when the treatment groups were compared with placebo, there was a 25 per cent increase 
in cardiac index, placebo 1-9-+0-1, hydralazine 2'3+0-1, prazosin 2-4+0-1, and 23 per cent decrease 
in the arteriovenous oxygen content difference, placebo 9-1+0-7, hydralazine 7-3+0-4, and prazosin 
6:9-E0-7 ml O,/100 ml. After progressive exercise to symptom limited maximum, there was no 
significant difference in the exercise duration, oxygen uptake, peak heart rate, or blood pressure. Even 
during steady state exercise (at two-thirds maximum), heart rate, blood pressure, cardiac index, stroke 
volume, stroke work, and arteriovenous oxygen content did not differ in the treatment or placebo 


periods. 


After the acute oral administration of hydralazine or prazosin in doses which produce a significant 
haemodynamic improvement at rest, there were no changes in the cardiorespiratory response during 


exercise. 


Vasodilator drugs are effective in both short- and 
long-term treatment of patients with severe heart 
failure. Though their effects on resting haemo- 
dynamics are well defined, it is not yet clear whether 
they improve the exercise performance of such 
patients. Some reports have suggested an improve- 
ment in exercise capacity and haemodynamic 
reserves after the acute administration of a vaso- 
dilator drug,‘ 5 whereas others showed no change 
in maximal exercise capacity, but improved pump 
function at submaximal workloads.? 

In the present study, we have compared the 
effects of the predominantly arteriolar vasodilator 
hydralazine with the arteriolar and venodilator 
agent prazosin on the cardiac output and ventilatory 
responses during maximal and steady state exercise 
and on the time over which such exercise can be 
tolerated. ` 
Received for publication 31 December 1979 


Patients and methods 


Nine patients with chronic congestive heart failure 
and class II to III symptomatology (New York 
Heart Association criteria) were included in the 
study. Their ages ranged from 27 to 65 years 
(mean 47 years); seven were men and two were 
women. All were taking optimal doses of diuretics 
and digoxin which were continued in unchanged 
doses throughout the study. The patients’ symptoms 
and weight were also unchanged for four weeks 
before the study. 

Heart failure was attributed to coronary artery 
disease in three patients, hypertension in one, 
cardiomyopathy in four, and mitral valve replace- 
ment with poor left ventricular function in one. 
No patient had severe angina pectoris, recent 
myocardial infarction (less than six months), or 
significant mitral regurgitation. 


215 


216 


Table 1 Observations at rest (seated on bicycle ergometer) 


Fitchett, Pathé, Pardy, Despas 








Oxygen uptake Heart rate Mean arterial pressure Cardiac index Stroke volume index, 
Case no. ( ml[min) (6| min) (mmHg) (Ilmin per m?) (ml{m?) 
PI H Pr PI H Pr PI H Pr Pl H Pr PI H Pr 
1 385 404 364 84 93 96 80 73 80 22 23 22 26 25 23 
2 249 279 299 122 117 132 86 87 80 1:3 2:9 27 12 25 21 
3 333 284 265 114 108 93 90 80 63 l6 27 1-7 15 25 18 
4 387 323 356 108 112 120 97 86 86 r8 25 31 17 22 26 
5 340 274 317 114 114 114 86 80 90 2:6 2:4 24 23 21 21 
6 233 314 313 72 84 70 83 88 82 2:3 21 2:3 32 25 33 
7 204 211 150 75 78 85 113 117 96 15 17 2:0 20 20 24 
8 282 275 248 100 110 100 80 86 86 23 22 23 23 20 33 
9 227 371 20 72 75 75 87 90 68 r9 1:6 21 26 21 28 
Mean 294 303 281 96 99 98 89 87 81 1-9 23 24 22 23 25 
SE 24 20 24 7 6 6 4 4 4 0-1 0:1 01 2 1 2 
p NS NS NS NS NS NS NS «0-05 NS «0:05 





SE, Standard error of mean; NS, p «0-05. 
Pl, placebo; H, hydralazine; Pr, prazosin. 


The exercise studies were performed on three 
mornings within seven days. The patients attended 
the hospital after taking a light breakfast. Informed 
written consent was obtained from all patients. 


DATA COLLECTION AND ANALYSIS 

Heart rate and electrocardiogram were monitored 
continuously and blood pressure was measured at 
one-minute intervals by sphygmomanometer. In- 
spired air volumes were measured continuously with 
a Parkinson Cowan gas meter linked to a linear 
potentiometric resistor. Expired air passed through 
a mixing chamber from which a continuous aliquot 
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was withdrawn for measurement of carbon dioxide 
content using a Beckman Medical Gas Analyzer 
LB2 and oxygen content using a Beckman Oxygen 
Analyzer OM11. The outputs from the gas meter 
potentiometer and the gas analysers were recorded 
continuously on a Sanborn 350 chart recorder. 
Cardiac output was measured during steady state 
exercise using the carbon dioxide rebreathing 
method. This method has been shown to compare 
well with dye dilution methods of determining 
cardiac output.” It provides reliable measurements 
of cardiac output both at rest and during exercise 
in patients with congestive heart failure.® 
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Vasodilator drugs and exercise 





- Systemic vascular resistance 
(dynes s cm?) 


Arteriovenous oxygen 





(ml/100 ml) 

H Pr Pl H Pr 
1242 1422 8:8 8:6 81 
1546 1600 13:3 6:2 T5 
1308 1641 11:6 59 114 
1421 1150 10-6 6:4 52 
1561 1714 T4 67 T5 
2011 1640 8'8 7-9 78 
3600 2560 76 81 50 
1638 1104 6:6 65 40 
1714 1360 TA 8:8 55, 
1782 1461 91 Tl 69 

240 214 0-7 0-4 0-9 

«0-05 «0:01 «0:05 «0:005 





Mean arterial pressure was calculated from the 
diastolic pressure plus one-third of the pulse 
pressure. Arteriovenous oxygen content difference 
was calculated from the oxygen uptake divided by 
the cardiac output. Systemic vascular resistance 
(dynes s cm^?) was calculated from mean arterial 
pressure divided by the cardiac output multiplied 
by 80. 

Statistical analysis between groups was per- 
formed using Student's paired t test. 


METHOD OF STUDY 
The patients attended the hospital at the same time 
on three mornings within the same week. 'T'he order 
of the oral treatment was selected by a random 
double blind design. In order to avoid first dose 
effects, one capsule was given on the evening before 
each study, which contained the same drug as 
administered on the morning of the study. Each 
capsule contained either prazosin 1 mg, hydralazine 
25 mg, or placebo. 

The exercise study started two hours after the 
administration of three capsules (that is hydralazine 


Table 2 -Observations at maximal exercise 


217 


75 mg or prazosin 3 mg or placebo). Exercise was 
performed seated on a bicycle ergometer (Elema 
Schonander). Starting at a workload of 200 kpm/ 
min, work was increased by 50 kpm every one 
minute until terminated by fatigue or dyspnoea. 
One exercise study was stopped prematurely 
because of frequent ventricular extrasystoles; this 
was excluded from the analysis. 

After resting for 30 minutes, the patient exercised 
for four minutes to a steady state of oxygen con- 
sumption at a workload of approximately 60 per cent 
of the highest load previously attained and the same 
workload was used in the subsequent two studies. 
Haemodynamic and ventilatory measurements were 
made during the final minute of exercise on each 
occasion. 


Results 


RESTING MEASUREMENTS 

The effects of hydralazine and prazosin are com- 
pared with placebo for the resting patient seated on 
the bicycle ergometer (Table 1 and Fig.). Cardiac 
index increased significantly after prazosin from 
1-9--0-1 to 2-4+0-1 l/min per m? (p<0-05), but 
after hydralazine the increase did not achieve 
statistical significance. Systemic vascular resistance 
was reduced from 2217+271 to 1782+140 
dynes scm after hydralazine (p<0-05) and to 
1461 +214 dynes s cm^? after prazosin (p<0-01). 
The arteriovenous oxygen content difference 
decreased in both treatment groups (9-1 40-7 ml/ 
100 mi versus hydralazine 7:1+0-4 ml/100 mi 
(p«0-05) and  prazosin 6-9-+0-9 ml/100 ml 
(p < 0-005). 


PROGRESSIVE EXERCISE 
The values in Table 2 represent the individual 
maxima attained on each treatment at the peak 





Maximal oxygen uptake Peak heart rate 





Case no. (mllkg per min) (b|min) 
PI H Pr PI H Pr 

1 145 149 12:5 108 114 111 
2 12:4 12:5 12:0 141 138 144 
3 145 154 10-8 132 126 112 
4 149 13-1 19-0 159 162 159 
5 16:0 13:6 14:6 150 144 153 
6 13:7 12:5 14:4 123 126 117 
7 

8 132 11:9 145 141 150 138 
9 10:8 11:9 T4 99 108 90 
Mean 13:8 13:3 13-2 132 134 128 
SE 06 05 12 7 6 9 
P NS NS NS NS 


Peak ventilation Duration of exercise 





(l/min) (min) 
Pl H Pr Pi H Pr 
62 62 58 54 66 55 
49 51 37 37 41 26 
81 77 43 39 . 40 31 
68 71 71 51, 52 TO 
58 54 56 48° 56 55 
45 39 46 62 54 57 
42 40 39 47 58 65 
38 47 25 - 43 — 51 35 
55 55 47 47 52 49 
14 13 13 03 03 06 
NS NS NS NS 





Pl, placebo; H, hydralazine; Pr, prazosin. 
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Table 3 Observations during steady state exercise 
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Cardiac index 











Oxygen uptake Heart rate Mean arterial pressure Stroke volume index 
Case no. (ml[kg per min) (b[min) (mmHg) (I[min per m?) (ml[m*) 

PI H Pr Pl H Pr Pl H Pr Pi H Pr P H Pr 
1 1105 1032 703 108 111 99 88 87 87 33 41 2:6 31 37 26 
2 613 635 680 132 132 141 90 90 90 22 35 29 17 27 22 
3 782 871 928 136 123 108 96 85 76 27 33 27 20 27 25 
4 1205 1107 1457 150 148 142 110 120 107 40 39 5-1 27 26 36 
5 916 1008 893 147 141 147 93 100 96 47 44 38 32 31 26 
6 565 732 659 105 111 102 97 87 87 32 35 34 31 32 33 
7 568 476 402 102 105 Ill 107 117 113 30 27 36 29 26 32 
8 1038 880 1109 138 144 135 92 90 86 44 41 51 32 29 38 
9 698 769 615 87 102 87 93 110 95 26 34 21 30 34 25 
Mean 832 836 827 123 124 119 96 98 93 33 37 34 28 30 29 
SE 86 72 110 8 6 8 3 5 4 03 0:2 0:4 2 1 2 
p NS NS NS NS NS NS NS NS NS NS 





Pl, placebo; H, hydralazine; Pr, prazosin. 


workload achieved. Neither hydralazine nor prazosin 
had any significant effect on the duration of 
exercise, maximal oxygen uptake, peak heart rate, 
peak ventilation, or peak blood pressure. 


SUBMAXIMAL STEADY STATE EXERCISE 
Measurements taken during the fourth minute of 
steady state exercise, after hydralazine and prazosin, 
are shown in Table 3. No significant change in 
heart rate, arterial blood pressure, cardiac index, 
systemic vascular resistance, arteriovenous oxygen 
content difference, or lactate production was 
-observed after either vasodilator drug. 


Discussion 


The patients in the present study all had a severe 
limitation of their effort tolerance and only achieved 
a maximal oxygen consumption of 13-8 ml/min per 
kg. This probably resulted from the restricted rise 
in cardiac output as well as the rise in the pulmonary 
venous pressures. Vasodilator drugs, if effective 
during exertion, might be expected to improve the 
factors that limit exercise performance. Hydralazine, 
an arteriolar vasodilator when given to resting 
supine patients with cardiac failure, increases the 
cardiac output, yet has only a modest effect on 
pulmonary venous pressures.” In contrast, prazosin 
acts both on the arteriolar resistance and the venous 
capacitance vessels: at rest, there is an increase in 
cardiac output and a fall in left ventricular filling 
pressures.® Prazosin might therefore be expected 
to improve exercise capacity more than hydralazine 
by virtue of its double site of action. On the other 
hand, venodilatation may reduce the venous return 
during exertion and further limit a rise in cardiac 
output. 

Although the predicted beneficial effects of both 
hydralazine and prazosin occurred at rest, there 





was no improvement in either maximal effort 
capacity or cardiac output during submaximal 
steady state exercise. 

The failure of vasodilator drugs to improve the 
exercise performance of patients with cardiac 
failure may be the result of an interaction of several 
mechanisms. In the exercising patient with cardiac 
failure, the normal reduction of peripheral vascular 
resistance, and thus afterload, is restricted by 
increased sympathetic activity!? as well as an 
increased stiffness of the walls of the muscular 
arterioles. In the present study using the doses 
of drugs administered and the exercise loads studied, 
there was no augmentation of the fall in systemic 
vascular resistance towards normal 
agent. 

The oxygen delivery to exercising muscles is an 
important factor limiting exercise capacity in both 
health and disease.!? In cardiac failure, the inade- 
quate increase in cardiac output, and a limited 
ability of the resistance vessels in skeletal muscle to 
dilate," will decrease the oxygen delivery to the 
active muscle and reduce exercise capacity. Arterio- 
lar vasodilator drugs act predominantly on visceral 
and skin vessels as well as dilating the arterioles in 
resting muscle, yet they would be expected to have 
no effect on the resistance vessels in the muscle of 
the exercising limb, which are already maximally 
dilated. Thus, any potentially beneficial increase in 
cardiac output may be diverted away from the 
exercising muscle, and could potentially decrease 
exercise capacity. : 

'The reduction of both left.and right ventricular 
filling pressures with drugs which dilate the systemic 
and pulmonary venous capacitance vessels, though 
decreasing pulmonary congestion, may interfere 
with the reflex venoconstriction which normally 
increases venous return and maintains the cardiac 
output during exercise. The present group of 


levels by either - 


Vasodilator drugs and exercise 





. Systemic vascular resistance. 
(dynes s cm) 


PI 


Arteriovenous oxygen content 





(ml/100 ml) 
H Pr PI H Pr 
838 1338 17.0 12:4 13:5 
1411 1674 18:6 12-4 158 
986 1240 16:3 14-7 19:3 
1333 858 14:9 14:0 141 
1052 1164 11:3 13-2 135 
1160 1288 10:2 12:2 122 
2340 1738 12:6 11-9 TI 
973 695 126 120 112 
1294 1767 13-4 11:3 143 
1265 1178 14-1 12-6 13-5 
148 181 0:9 0-4 11 
NS NS NS NS 





patients had a severely limited exercise capacity 
despite maximal treatment with diuretics. Further 
reduction of the effective circulating volume by 
venodilatation may augment the effect of a diuresis 
by reducing exercise performance further.14 

'The results of the present study are similar to 
those observed after nitrates!^ and hydralazine plus 
nitrates.6 In both studies, no differences were 
observed at maximal effort, though during sub- 
maximal exertion cardiac output was slightly 
higher after the drugs. After the short-term oral 
administration of prazosin, Rubin et al.* observed 
no haemodynamic change at rest yet an increased 
stroke volume and decreased filing pressures 
during supine exercise. The apparently differing 
results may be explained both by the supine 
posture, and a sympatholytic effect which persists 
after tachyphylaxis to the vasodilator effect of 
prazosin has developed.!* The adrenergic blockade 
may enhance the limited decrease in vascular 
resistance by overcoming the sympathetic hyper- 
activity which occurs during exercise in patients 
with heart failure.!? The improvement of exercise 
capacity in patients with chronic rheumatic heart 
disease after nitrates* is probably the result of a 
reduction in valvular regurgitation, an improvement 
that persists during exercise. 

Finally, it is interesting that though the acute 
administration of a vasodilator drug has little effect 
on the peak exercise performance of the patient 
with cardiac failure, the long-term administration 
of nitrates," prazosinj? and trimazosin!? does 
improve exercise capacity. The differences between 
the effects of a first dose of a vasodilator and those 
Observed after a long period of administration are 
unclear. An improvement in renal perfusion will 


-increase the response of the kidneys to diuretics and 


mobilise extravascular fluid. The removal of 
perivascular oedema will improve the dilator 
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capacity of the muscular arterioles! and may then 
allow the vasodilator drug to augment the limited 
fall in systemic vascular resistance during exercise. 
A comparison of the haemodynamic response to 
exercise after the acute administration and long- 
term treatment with a vasodilator drug is now 
desirable to establish why the differences exist. 
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SUMMARY A patient presented with orthostatic dizziness and syncope caused by postural heart block. 
When the patient was supine, atrioventricular conduction was normal and he was asymptomatic; 
when he was standing he developed second degree type II block and symptoms. The left bundle-branch 
block on his electrocardiogram and intracardiac electrophysiological study findings suggest that this 


heart block occurred distal to the His bundle. 


Orthostatic symptoms are usually presumed to be secondary to an inappropriate distribution of 
intravascular volume or to autonomic nervous system abnormalities. As shown in this patient, these 
symptoms may be the result of orthostatic heart block. Ambulatory monitoring may be useful in 
patients with orthostatic neurological symptoms, particularly when conduction abnormalities are present 


on the electrocardiogram. 


Orthostatic neurological symptoms usually result 
from inadequate cerebral perfusion caused by 
disturbances of the autonomic nervous system, ? 
ineffective or inappropriate shifts in volume 
distribution,’ or drugs. We report a patient with 
orthostatic dizziness and syncope caused by inter- 
mittent postural heart block. 


Case report 


A 53-year-old truck driver was asymptomatic until 
February 1976 when he experienced dizziness and 
syncope after standing. In the next 18 months he 
experienced three more episodes of syncope and 
many of dizziness. All occurred when he changed 
from a sitting or supine to a standing position. 
Neurological examination, an electroencephalogram, 
and a brain scan were normal. An electrocardio- 
gram revealed left bundle-branch block and a 
prolonged PR interval. Twenty-four hour ambula- 
tory monitoring and a treadmill exercise test were 
unremarkable. He was referred to the University 
of Oregon Health Sciences Center in October 1977 
for further evaluation. 

On examination, the supine blood pressure was 
140/70 mmHg and the upright pressure was 125/70 
mmHg. The pulse rate when supine was 80 beats a 


* Work supported in part by a research grant from the National 
Heart, Lung, and Blood Institute, National Institutes of Health, 
Bethesda, Maryland, USA. 


minute and regular, and increased to 90 beats a 
minute with some irregularity when he was upright. 
The carotid pulse was normal, and there were no 
carotid bruits. The cardiac impulse was normal. 
The second heart sound was paradoxically split. 
There was a grade 2/6 apical systolic murmur. 
These findings did not change when the patient 
changed from the supine to the standing position. 
The remainder of the physical examination was 
normal. Àn electrocardiogram disclosed left bundle- 
branch block with a PR interval of 0:21 second. 
Chest x-ray film was normal. An echocardiogram 
disclosed left atrial enlargement. All blood tests 
performed including the glucose level were normal. 

On numerous occasions the patient’s pulse rate 


- fell with standing, and each time he felt dizzy. 


Because of the pulse changes, a continuous electro- 
cardiographic rhythm strip was taken during the 
change of position (Fig. 1). When supine, the 
patient had a regular sinus rhythm at 100 beats a 
minute; when he stood up, he was again dizzy and 
intermittent type II second-degree atrioventricular 
block was seen. After resuming a supine position 
he returned to normal sinus rhythm at a rate of 
100 beats a minute. Carotid sinus massage resulted in 
sinus arrest with two second pauses but no 
symptoms. ; 
His bundle electrocardiography was performed 
the following day. At the start of the study the 
patient was in normal sinus rhythm. When a 
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number 7 French tripolar His bundle recording 
catheter was advanced across the tricuspid valve 
into the right ventricle, the patient developed 
complete heart block below the His bundle (Fig. 2); 
the ventricular escape rate was 24 beats a minute. 
The patient felt dizzy but was alert and able to 
speak. The third degree heart block was not 
abolished by the intravenous injection of 1 mg 
atropine or by withdrawal of the wire from the 
right ventricle. The wire was then advanced into 
the right ventricle and ventricular pacing was 
established; the patient became pacemaker depend- 
ent. Subsequently, he returned to sinus rhythm 
with first degree atrioventricular block. His bundle 
recordings showed normal PA and AH intervals 
but the HV interval was much prolonged (116 ms, 
normal «55 ms)? His bundle recordings could 
not be obtained during standing because of his 
condition. À permanent pacemaker was implanted 
and after 14 months the patient remains completely 
free from his previous symptoms. 


Discussion 


The orthostatic symptoms in this patient were 
caused by the development of high degree atrio- 
ventricular block when he assumed the upright 


Fig. 1 When supine the patient 
was asymptomatic and in sinus 
rhythm at the rate of 100 beats a 
minute (top strip): when he 
Stood, intermittent type II second 
degree atrioventricular block 
developed (bottom strip) and he 
was dizzy. Paper speed 25 mmjs. 





Fig. 2 His bundle tracings 
taken as the recording catheter 
was passed into the right 
ventricle shows complete heart 
block below H with a ventricular 
(V) escape rate of 24 beats/min. 
Leads I, II, II, and V1, from 
the surface electrocardiogram, 
and three His bundle leads (HBE) 
are shown. A is the atrial 
depolarisation and H is the His 
bundle depolarisation. Paper 
speed 100 mmjs. 
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position. This is the first case that we are aware of 
where heart block was shown to be orthostatic. 
Though postural symptoms are most commonly 
secondary to volume or autonomic nervous system 
abnormalities (which may be caused by micturition, 
swallowing, coughing, and hiccoughing),® changes 
in conduction should now also be considered. 
There are a number of features that suggest that 
the type II block occurred distal to the His bundle. 
The initial electrocardiogram showed left bundle- 
branch block. The patient developed type II block 
which usually occurs below the His bundle,’ 
particularly in the absence of digitalis toxicity or 


congenital cardiac defects. The HV interval was 


greatly prolonged and the site of heart block was 
shown to be below the His bundle. The latter 
cannot be related directly to his presentation 
because induction of the right bundle-branch block 
by a catheter in the right heart® in this patient with 
left bundle-branch block could have been the cause 
of the complete heart block. This rhythm could not 
be precipitated by carotid sinus massage nor, when 
present, did it respond to the administration of 
atropine; both suggest that the block was more 
likely to have occurred in the distal conduction 
system.’ Though complete heart block below the 
His bundle has been reported secondary to carotid 
sinus massage suggesting some vagal or sympathetic 
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Postural heart block 


withdrawal effects on distal Purkinje conduction,? 
this is unusual.!° i 

Our patient demonstrates that orthostatic neuro- 
logical symptoms may be secondary to postural 
heart block. He did not have symptoms with all 
changes in posture, which is probably why 24-hour 
electrocardiographic monitoring failed to provide 
the answer. In a patient with orthostatic symptoms, 
however, a determined effort should be made to 
obtain ambulatory electrocardiograms, especially in 
patients with electrocardiographic evidence of 
conduction disease. i 


We thank Dr Shahbudin Rahimtoola for critical 
review of this report. 
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Rhabdomyoma of the heart in a newborn infant 
Diagnosis by echocardiography 
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Health, and University of the Witwatersrand Medical School, Johannesburg, SA 


SUMMARY 


An intracavitary right ventricular tumour was identified echocardiographically before 


operation in an infant with a rhabdomyoma of the heart. Necropsy showed associated tuberous sclerosis. 


Cardiac tumours occur very rarely in infancy. When 
present, the commonest of these are rhabdomyo- 
mata.' Until now, only a few cases of rhabdomyoma 
have been diagnosed echocardiographically.*~* Af- 
fected infants with severe involvement usually die 
as a result of obstruction to blood flow, and thus 
operation may be undertaken in an attempt at 
palliation. Tuberous sclerosis is often associated 
with rhabdomyoma and must be sought. 

We are reporting here an infant presenting with 
right ventricular outflow obstruction caused by 
rhabdomyoma which was diagnosed by echocardio- 
gram in the first instance. In addition to a discussion 
of the echocardiographic diagnosis, we also draw 
attention to the accompanying conduction disturb- 
ance, the angiocardiographic features, and the 
pathology, including the ultrastructure of this 
tumour. 


Case report 


This infant girl was born at term by elective 
caesarean section. A hydatidiform mole had been 


Fig. 1 Vectorcardiogram (upper 

panel) and electrocardiogram 

showing type A Wolff-Parkinson- 

White syndrome. 

H, horizontal; RS, right sagittal ; 

F, frontal. 

Note: Standardisation of 

electrocardiogram 1 cm Il mV 
V3 and V6 are half standard). 


SIDS S2 


S3 aVR aVL 
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removed from the mother four months before 
conception on this occasion. During the first three 
months of pregnancy she was taking dihydropro- 
gesterone. The parents and two sibs were otherwise 
normal. There was no history of any fits, rashes, 
or mental retardation in the family. Birthweight 
was 2920 g. On the second day of life the infant 
had a cyanotic spell which responded to oxygen. 
Duskiness was observed at times during the next 
few days and because further cyanotic attacks 
occurred, she was referred to the Transvaal 
Memorial Hospital for Children for assessment. 
Abnormal physical findings at 9 days of age, apart 
from a right hip click, were confined to the 
cardiovascular system. She was moderately cyanosed 
at rest. The pulses were normal and the heart rate 
140 per minute. A parasternal heave of right 
ventricular hypertrophy was present. The second 
heart sound was single and was preceded by a 
grade 2/6 systolic murmur, heard maximally at 
the second left interspace. A continuous murmur 
was audible under the left clavicle. There were no 
signs of heart failure. 

An electrocardiogram showed the features of 
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Tumour in 
position of TV 





RVOT with tumour 


Fig. 2. Scan from tricuspid 
valve (TV) to aorta (Ao). 
Tumour mass is seen within area 
usually occupied by tricuspid 
valve, and extends into right 
ventricular outflow tract 

( RVOT). Left atrium (LA) is 


normal in size. 
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Wolff-Parkinson- White syndrome type A (Fig. 1). 
A vectorcardiogram confirmed this diagnosis and 
showed poor rightward forces (Fig. 1). The chest 
y-ray film showed normal situs, right atrial enlarge- 
ment, a pulmonary bay and lung fields that were 
possibly oligaeic. 

A provisional diagnosis of right ventricular out- 
flow obstruction was made. An echocardiogram 
(Fig. 2) showed a tumour mass which appeared in 
the area where the tricuspid valve is usually 
identified, and which extended into the right 
ventricular outflow tract. The mass was also seen 
in the right ventricular cavity. The left ventricle 
and aorta appeared normal. The septum was not 
clearly seen because of the probable tumour mass. 

At cardiac catheterisation, a gradient of 20 mmHg 
was found across the right ventricular outflow 
tract. Right-to-left shunting at atrial level was 
demonstrated on oximetry. Systemic arterial satura- 
tion was 75 per cent (Table). On angiocardiography 


Table Cardiac catheterisation findings 
"ARA 


Site Pressure (mmHg O+ saturation ( 
SVC 67, 67 

IV 74 

RA 1 12v 10 (m - 10 71, 72 

RV high 55 systolic ^51 

apex 750-10 

MPA 55:20 (m 40 — 

PV = 84, 88 

LA a- 1bht ll (m8 — 

LV 78 0-10 75 


IVC, inferior vena cava; PV, pulmonary vein; LA, left atrium; 
MPA, main pulmonary artery; RA, right atrium; RV, right 
ventricle; SVC, superior vena cava 


(Fig. 3), a mass was seen to indent the right 
ventricular outflow tract. Left ventriculography 
also showed some indentation of the outflow tract 
from the septum. The aorta was seen to feed 
pulmonary arteries via a persistent ductus arteriosus. 





hows 


Fig. 3 
mass indenting posteromedial aspect of ventricle and 
reducing size of outflow tract. 


Right ventriculogram (frontal projection 
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A right atrial injection confirmed shunting from 
right to left atrium. 

At operation the same evening, on opening the 
right atrium a large white lobulated tumour mass 
arising from the right ventricle was seen to involve 
the tricuspid valve and to bulge into the right 
atrium. It appeared to originate from the ventricular 
septum. The tumour was removed piecemeal, with 
resultant destruction of the tricuspid valve 
mechanism. The foramen ovale was sutured. 
Surprisingly the infant came off bypass, but 
succumbed the following day in a low output state 
with evidence of gross tricuspid regurgitation. 


PATHOLOGY 
Fragments of tumour tissue removed at operation 


"2 





Fig. 4 
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showed the histological features of a cardiac 


rhabdomyoma. 


NECROPSY 

The heart was slightly enlarged and deformed by 
a bulging tumour mass 5 cm in diameter (Fig. 4) 
which involved the posterior walls of both atria 
and extended on to the posterior ventricular surface. 
Microscopy showed that this crossed the atrio- 
ventricular junction near the atrioventricular node. 
A second tumour 1 cm in diameter involved the 
apex of the left ventricle. In addition, many other 
smaller tumours were present throughout the 
myocardium. On incision of these masses they were 
white in colour and were clearly demarcated from 
the rest of the muscle. Histological section (Fig. 4) 


Histology of the rhabdomyoma (upper panel) showing ‘spider cells". The arrow points to cross-striations seen 


mainly in the periphery of the cells. Frontal view of the heart (lower left) u hich has a window cut into the right 
ventricle. The destroyed tricuspid valve is evident. The arrow points to a tumour mass visible on the surface. The 
right lower panel shows the posterior aspect of the heart, Double arrows indicate tumour at the apex of the heart, 
while a single arrow points to tumour that was present on the posterior surface of the atria and which was shown by 
sectioning to cross the atrioventricular groove close to the atrioventricular node. 
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showed these areas to consist of discrete masses of 
large rounded vacuolated cells predominantly with 
peripherally placed nuclei (‘spider cells’). Glycogen 
was present in the cytoplasm of the ‘spider cells’ 
and was concentrated towards the periphery. Cross 
striations were observed in only a few cells, and 
when present, were also situated at the periphery 
of the cells. Electron microscopy showed myofibrils 
with z-bands, and clusters of leptofibrils with 
striations at a periodicity of approximately 1600 nm. 
Glycogen granules were observed in the background. 

The brain appeared normal by external appear- 
ance, but numerous ‘tuberosities’ were palpable 
within the cortex, which on microscopical examina- 
tion showed diffuse infiltration by large cells with 
eosinophilic-staining cytoplasm, which were mainly 
gemistocytic astrocytes, characteristic of tuberous 
sclerosis. 

Apart from the spleen which showed abnormal 
histiocytes in the red pulp, and the liver, which 
showed severe portal condensation of collagen 
containing large abnormal vascular channels, other 
organs appeared normal. 


Discussion 

The echocardiographic diagnosis of tumour was 
easy in this case. Like myxomas, which may have a 
similar laminar appearance on echocardiography,5 9 
rhabdomyomas appear to be intracavitary but do 
not prolapse into the ventricle. This patient and 
other previously reported cases of right ventricular 
rhabdomyoma?~ all showed a static laminar mass 
related to the ventricular septum and the cavity of 
the right ventricle. 

Other electrocardiographic abnormalities are 
common, but the Wolff-Parkinson-White syndrome 
is unusual in patients with rhabdomyomas,! though 
this abnormality was shown in a case illustrated in 
a standard paediatric cardiology textbook.’ It 
appears that a glycogen-containing tumour extend- 
ing from the atria to the ventricles, as in our case, 
may conceivably constitute an accessory pathway. 
Paroxysmal atrial tachycardia did not occur in our 
infant. 

‘Operation in our case was intended to effect a 
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cure, but as in other cases the tumour was multi- 
centric.5 ? Palliation may then be all that is possible. 
Furthermore, many cases have associated tuberous 
sclerosis and will succumb to the effects of this 
anomaly.? In the absence of a family history, the 
diagnosis of tuberous sclerosis was not made in 
our case, until the postmortem examination. Even 
after death, careful examination of the brain may 
be necessary to establish the diagnosis. Had our 
patient survived a successful operation, her prog- 
nosis would have been determined by the associated 
tuberous sclerosis. 


We thank Professor R Kinsley and Mr P Colsen 
who operated on this patient, and the superintendent 
of the hospital for permission to publish. 
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SUMMARY A 57-year-old man presented with exertional chest pain, and was found to have a saccular, 
lobulated aneurysm of the left main coronary artery associated with severe atherosclerotic vascular 
disease. This is the third similar case reported and the first case of atherosclerotic origin. All symptoms 


were relieved by coronary artery bypass surgery. 


Angiographic studies have shown that coronary 
artery aneurysms occur in 1 to 2:5 per cent of 
patients with coronary artery disease.^* Multiple 
aetiologies have been reported, most frequently 
atherosclerotic,’ 5 and/or congenital" Other re- 
ported causes include bacterial infection, syphilis? 
septic embolism,’ trauma,’ 8 dissection,” polyarteritis 
nodosa,?° scleroderma," Ehlers-Danlos syndrome,” 
Marfan’s syndrome,® metastatic tumour,’ cystic 
medionecrosis,!° and mucocutaneous lymph node 
syndrome.” 4 

We describe an aneurysm involving the main left 
coronary artery; to our knowledge, only three such 
angiographically documented cases have been 
previously reported in adults.15~}? 


Case report 


This was the first hospital admission for a 57-year- 
old white man who had been in excellent health until 
one-and-a-half months before admission. At that 
time, he developed exertional chest pain associated 
with dyspnoea and relieved by rest. Because of 
increasing frequency and duration of this chest 
pain, in spite of medical treatment, he was admitted 
for cardiac catheterisation. There was no history 
of heart disease or hypertension. He had smoked 
cigarettes for 25 years. Both his father and mother 
had died of atherosclerotic heart disease at the 
ages of 65 and 73, respectively. Two brothers died 
of atherosclerotic heart disease at the ages of 50 
and 52, and one sister, age 63, had had a myocardial 
infarction and was alive. 

On physical examination, blood pressure was 
120/80 mmHg, and pulse 50 per minute and 


regular. All peripheral pulses were palpable. No 
jugular venous distension was noted and carotid 
upstrokes were normal. Lungs were clear and 
cardiac examination did not reveal any abnormality. 
'The chest x-ray and electrocardiogram were within 
normal limits. The blood chemistry, including a 
two-hour postprandial serum glucose were normal. 
The cholesterol was 4 and triglycerides 1 mmol/l. 
The cardiac catheterisation was performed with 
retrograde left ventriculography and selective 
coronary angiography using Judkins catheters. A 
left main coronary artery lesion was noted super- 
imposed on severe triple vessel disease. Multiple 
projections showed a lobulated, septated aneurysm 
limited to the left main coronary artery (Fig.). 

The patient underwent quadruple saphenous 
vein coronary artery bypass surgery. Two weeks 
later, a postoperative cardiac catheterisation was 
performed and all four bypass grafts (left anterior 
descending, circumflex, intermediate, and posterior 
descending arteries) were found to be patent and 
functioning well. The postoperative course was 
uncomplicated. 


Comment 


The majority of coronary artery aneurysms have 
been reported to occur in the right coronary artery, 
with the circumflex being the next most frequently 
involved vessel and the left anterior descending 
artery the most often spared.' ^9 To the best of 
our knowledge, the angiographic diagnosis of a 
left main coronary artery aneurysm in an adult has 
been reported three times previously." One 
case!5 involved a young woman (23 years old), who 
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presented with exertional chest pain and a continu- 
ous, murmur. On catheterisation, she was 
found to have a saccular aneurysmal dilatation of 
the left main coronary artery, communicating with 
another intramuscular aneurysm sac. There were 
no other associated diseases and this lesion was 
felt to be congenital. The second case'® was a 33- 
year-old woman, who presented with a murmur 


soft 





Selective left coronary angiogram in the right 
anterior oblique (upper) and left anterior oblique (lower) 
projections showing an aneurysm (arrow) of the main left 
coronary artery just proximal to its bifurcation. 


Fig. 
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and was found to have supravalvular aortic stenosis, 
congenital aneurysm of the left ventricular apex, and 
aneurysmal dilatation of the main left coronary 
artery. Her only symptom or associated finding was 
an embolic cerebral vascular accident. The third 
case!’ does not give any clinical data. By contrast, 
the case reported here is of a middle-aged man 
with a single saccular septated aneurysm of the left 
main coronary artery associated with atherosclerotic 
coronary artery disease. No murmurs were present 
and no symptoms could be attributed to the 
aneurysm directly. The atherosclerotic vascular 
disease was sufficiently severe to account for the 
exertional chest pain that led to his admission 
The 23-year-old woman," and the patient presented 
here underwent coronary bypass, with relief of 
their symptoms. An earlier report* showed no 
deaths among 30 patients with coronary aneurysm 
18 months after coronary bypass surgery. Markis 
and associates? reported a 15 per cent annual 
mortality in a two-year follow-up cf 20 patients 
treated medically. Several children have been 
reported with aneurysms of the left main coronary 
artery associated with mucocutaneous lymph node 
syndrome, a disease which seems to have a predilec- 
tion for the main coronary arteries.'' !! 

When examined histologically, weakening of the 
media was noted as a major cause of arterial 
dilatation leading to an aneurysm and/or ectasia.! !*!* 
Swanton er al. showed severe atherosclerotic 
involvement with extensive intimal fibrosis leading 
to weakening of the media in a case of coronary 
ectasia with atherosclerotic heart disease. Imahori 
et al.'* showed mucopolysaccharide deposition with 
intimal sclerosis in the media in Ehlers-Danlos 
syndrome. Medial involvement in syphilis, poly- 
arteritis nodosa, Marfan's syndrome, and cystic 
medionecrosis has been well documented.*" This 
weakening of the vessel media can easily be 
recognised as an aetiological factor leading to 
arterial dilatation. 

The present case of a main left coronary artery 
aneurysm of probable atherosclerotic origin in an 
adult is, to our knowledge, the first to be reported 
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Echocardiographic criteria for Ebstein’s 


anomaly of tricuspid valve 


Sir, 

I read with interest the paper by Gussenhoven and 
her colleagues! on the echocardiographic critiería 
for Ebstein’s anomaly of the tricuspid valve. I 
agree with their main conclusion that cross- 
sectional echocardiography is better than M-mode 
echocardiography for making this diagnosis. I am 
however puzzled by their finding of late tricuspid 
closure (later than mitral closure by 65 ms or more) 
in eight out of 20 patients with right ventricular 
volume overload for reasons other than Ebstein’s 
anomaly, mainly with atrial septal defect. This 
does not agree with my experience. To verify this 
I looked at the preoperative echocardiographic 
records of the last 20 consecutive patients operated 
on at our institution for secundum atrial septal 
defects. In none of them did I find that tricuspid 
valve closure occurred later than 60 ms after mitral 
valve closure. The discrepancy between our 
findings presumably results from the different ages 
of the patients. The group of patients with right 
ventricular volume overload reported by Dr 
Gussenhoven and her colleagues! ranged in age 
from 21 to 66 (mean 38) whereas our patients were 
all less than 19 years of age (mean 8). In my 
opinion the demonstration of greatly delayed 
tricuspid valve closure (65 ms or more later than 
that of the mitral valve) in a child, gives rise to 
strong suspicion of the diagnosis of Ebstein’s 
anomaly of the tricuspid valve. Cross-sectional 
echocardiography can however demonstrate the 
displaced septal tricuspid leaflet, the size of the 
atrialised portion of the right ventricle as well as 
the size of the functional right ventricle, which is 
extremely important in making the diagnosis and 
planning the surgical treatment of this disorder. 


Nils-Rune Lundstróm, 
Department of Pediatrics, 
University Hospital, 
S-221 85 Lund, Sweden. 
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This letter was shown to Dr Gussenhoven and her 
colleagues who reply as follows: 


Sir: 

Like Dr Lundstróm we also were surprised by the 
finding that delayed tricuspid valve closure of more 
than 65 ms could occur for reasons other than 
Ebstein's anomaly. Whether this discrepancy could 
relate to a difference in age between his patients 
and ours, as suggested by Dr Lundstróm, is of 
interest and needs further evaluation. 


Since the preparation of our paper we have 
examined another 10 patients with proven Ebstein's 
anomaly. Two of these showed a delay of less than 
65 ms, being 0 and 20 ms, respectively. These 
findings further underline the fact that the valve 
anatomy of Ebstein's anomaly is variable and thus 
can account for a wide range in the gap between 
mitral and tricuspid closure. 


Like Dr Lundstróm we still consider delayed 
tricuspid valve closure of more than 65 ms suspicious 
for Ebstein's anomaly, but we have shown its 
shortcomings as a diagnostic point. It is for this 
reason in particular that we advocate positive 
identification of the hallmark of the anomaly, that 
is distal displacement of the septal attachment of the 
tricuspid valve leaflet, for which cross-sectional 
echocardiography is most appropriate. 


W J Gussenhoven, 
SEC Spitaels, 

N Bom, 

A E Becker. 
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Notices 
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International vascular symposium 

This symposium will be held at the Royal Festival 

Hall Complex, London, 14-17 September 1981. 
Address any inquiries to: Secretariat, Conference 


Associates IVS, 34 Stanford Road, London 
W8 5PZ. 
International Society & Federation of 


Cardiology First International Lecture spon- 
sored by May & Baker Limited, Dagenham, Essex, 
England. 

Dr Edgar Haber, Massachusetts General Hospital, 
Boston, USA, will be the first international lecturer 
of the ISFC. He will talk on “Immunological 
probes in cardiovascular disease" at the Royal 
College of Physicians, London, at 6.00 p.m. on 
4 December 1980, under the chairmanship of 
Sir Douglas Black, President, Royal College of 
Physicians. 





International symposium on calcium antagon- 
ism in cardiovascular therapy: experiences 
with verapamil 
This symposium is to be held in Florence, Italy, 
2-4 October 1980. 

Organising Secretariat, AISC, Assistenza Inter- 
nazionale Servizi di Congresso, Via GB Martini 6, 
Rome, Italy. 


The “Foundation de Physiopathologie Professeur 
Lucien Dautrebande” will award a prize of about 
1 400 000 Belgian francs for a work on human or 
animal clinical physiopathology, preferably with 
therapeutic implications. 

For further information apply to the Office of 
the Foundation, 35 chaussée de Liége 4 Huy, 
Belgium. Entries must be received before 31 
December 1981. 
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Heart rate and ectopic prematurity in relation 
to sustained ventricular arrhythmias" 


SALIM YUSUF, ROBERTO LOPEZ, PETER SLEIGHT 


From the Department of Cardiovascular Medicine, University of Oxford, John Radcliffe Hospital, 
`- Headington, Oxford 


SUMMARY Forty-four patients with acute myocardial infarction were studied using 24-hour 
electrocardiographic monitoring. A linear correlation has been shown to exist between heart 
rate preceding accelerated idioventricular rhythm and ventricular tachycardia and the rates of these. 
'The prematurity index was found to be inversely related to the preceding heart rate and also to the rate 
of accelerated idioventricular rhythm or ventricular tachycardia. Faster heart rates preceded 
extrasystoles with shorter prematurity indices and a significant inverse correlation was observed between 
preceding. heart rate and prematurity index. Patients developing ventricular tachycardia had more 
- frequent isolated ventricular extrasystoles and faster heart rates preceding the episode as compared with 
. patients not showing ventricular tachycardia. No association was observed between ventricular tachy- 
cardia and accelerated idioventricular rhythm. All four patients developing ventricular fibrillation 
showed preceding ventricular tachycardia, with three of these patients demonstrating faster rates of 


`- ventricular tachycardia (>170/min) and shorter prematurity indices (<0-80) than patients without 


ventricular fibrillation. 


Heart rate may influence the severity of ventricular arrhythmia; the prematurity of an extrasystole 
is of importance in patients developing accelered idioventricular rhythm or ventricular tachycardia. 


In an attempt to define rhythms predictive of 
ventricular fibrillation and ventricular tachycardia, 
several workers have identified “warning arrhyth- 
mias". The early ventricular extrasystole inter- 
rupting the T wave has long been considered to be 
hazardous and a precursor of ventricular fibrilla- 
tion.'? In patients with acute myocardial infarction, 
antiarrhythmic therapy has been instituted when 
R on T extrasystoles have been identified.* How- 
ever, recent reports have challenged this view.5 5 
Other reports suggest that faster heart rates, 
frequent isolated ventricular extrasystoles, and 
couplets predispose to ventricular tachycardia and 
ventricular fibrillation.? 7 However, the relation of 
the preceding heart rate to the prematurity of an 
extrasystole (prematurity index — coupling interval 
. between preceding sinus complex and the first 
extrasystole/Q T interval of the preceding sinus 
complex); and the relation of the prematurity index 
to the rate of the following ventricular arrhythmia 
has not been studied in patients with myocardial 
infarction. 
* This work was supported by a grant from the British Heart 
Foundation. 
Received for publication 18 January 1980 


'The purpose of this study was to investigate the 
following: : 

(i) The relation of the mean heart rate and the 
heart rate preceding a run of ventricular arrhythmia 
to the incidence and the rate of the ventricular 
arrhythmia and to the prematurity of the extrasystole 
starting the ventricular arrhythmia. 

(ii) The relation between the prematurity index 
and the rate and incidence of ventricular tachycardia 
and accelerated idioventricular rhythm. 

(ii) The association of a particular ventricular 
arrhythmia to other types of arrhythmia. 


Methods 


Forty-four patients admitted to the coronary care 
unit of the Radcliffe Infirmary with both electro- 
cardiographic (recent ST segment elevation and 
Q wave development) and enzyme evidence (at 
least twice normal values of creatine kinase) of acute 
myocardial infarction were studied at a mean time 
of six hours after the onset of chest pain. Thirty 
patients were studied within six hours, 11 between 
six and 12 hours, and three between 12 and 18 hours 
after the onset of chest pain. Twenty-four of these 
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patients had anterior infarction and 20 had inferior 
infarction. The routine management was unaltered 
by the study procedure; diuretics, digoxin, and 
antiarrhythmic drugs were administered as indi- 
cated. A total of eight patients received lignocaine 
(100 mg as a bolus followed by an infusion of 4 mg/ 
min for the first two hours, 3 mg/min for the next 
two hours, and then 2 mg/min for a period of 20 
hours) as antiarrhythmic therapy when ventricular 
fibrillation or frequent runs of ventricular tachy- 
cardia were observed by the nursing staff. Five 
patients at entry were already on beta-adrenergic 
blocking drugs for treatment of angina pectoris or 
hypertension. Nine patients received oral atenolol 
100 mg once daily as they were part of a prospective 
trial of beta-adrenergic blockade. No patient 
received. beta-adrenergic blockers as anti- 
arrhythmic therapy. Of the eight patients on 
lignocaine, five were also on beta-blockers so that 
17/44 were on lignocaine or beta-blockers. 

All patients had normal serum levels of potassium 
- and calcium throughout the entire study period. 


DETECTION OF VENTRICULAR ARRHYTHMIAS 
In all patients we made continuous recordings of 
the electrocatdiogram on the Oxford Instruments 
Medilog tape-recorder for the first 48 hours after 
admission. The records were then analysed on an 
Oxford Instruments Medilog electrocardiograph 
analysis system at 60 times real time. An observer 
always checked that the signals counted by the 
analysis system were accurate. In addition, the tape 
was then reanalysed by visual counting by the 
observer. Hourly counts of heart rate, isolated 
ventricular extrasystoles, couplets (two consecutive 
ventricular extrasystoles), triplets (three consecutive 
ventricular extrasystoles), episodes of accelerated 
idioventricular rhythm (> 3 consecutive ventricular 
extrasystoles at a rate less than 120 beats/min), 
and ventricular ;tachycardia (>3 consecutive ven- 
tricular complexes at a rate >120/min) were re- 
' corded. Ventricular fibrillation occurred in only 
four of the 44 patients. 

In most patients all isolated ventricular extra- 
systoles were recorded on paper. In a few patients 
with hourly rates of ventricular extrasystoles 
7 50/hour, sample recordings of ventricular extra- 
systoles during|this period were obtained. In 
addition, all couplets, triplets, episodes of accelerated 
idioventricular rhythm, ventricular tachycardia, 
and ventricular fibrillation were recorded on paper. 
In cases of sustained accelerated idioventricular 
rhythm or ventricular tachycardia, the beginning 
and the end of the arrhythmia were recorded. T'hese 
recordings were then analysed to ascertain: 

(1) The prematurity index of the ventricular 
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extrasystoles, couplets, triplets, accelerated idio- 
ventricular rhythm, ventricular tachycardia, and 
ventricular fibrillation. 

(2) The heart rate preceding runs of accelerated 
idioventricular rhythm, ventricular tachycardia, and 
ventricular fibrillation from five consecutive sinus 
complexes. 

(3) Rates of accelerated idioventricular rhythm 
and ventricular tachycardia. 


STATISTICAL METHODS 

Standard methods of correlation and regression, 
and paired and unpaired t tests were used. All 
data are expressed as mean +1 standard deviation. 


Results 


(A) HEART RATE 

(1) Variation over 24 hours (Fig. 1) 

A significant positive correlation was observed 
between the standard deviation and the mean of 
the individual hourly heart rates: over the first 
24 hours (r- 0:507; p «0-001) indicating greater 
variability in patients with higher heart rates. 


(ii) Comparison between anterior and inferior infarcts 
Although the mean heart rate in patients with 
anterior infarction tended to be higher (73-89 
+18-94) as compared with 67-58 +13-36 in patients 
with inferior infarction, this did not reach statistical 
significance (p > 0-05). 


Gii) Relation of mean heart rate to ventricular 
arrhythmias 
The mean heart rate averaged over 24 hours in 







20 
. 
ag 
"a. e 
z mo 
E 
w . 
o 
c . 
s . 
s 
z r~ 0.507 
RJ 
T? p«0.001 
d n« 37 
c 
s 
40 120 


Mean heart rate 


Fig. 1 Relation of the mean heart rate to the variation 
in heart rate. i 
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patients with ventricular tachycardia was not 
significantly different from those without ventricular 
tachycardia. Mean heart rate in patients with only 
accelerated idioventricular rate was 63+11-36 as 
compared with 69 +12-70 in patients with acceler- 
ated idioventricular rate and.ventricular tachycardia 
and 82-83 +33-15 in patients showing ventricular 
tachycardia alone. This trend, however, did not 
reach statistical significance. 


(iv) Relation of preceding heart rate to rate of 
ventricular arrhythmias 
A significant positive correlation between preceding 
heart rate and the rate of the accelerated idio- 
"ventricular rate or ventricular tachycardia was 
observed when compared as continuous variables 
(r=0-491; p « 0-001). This relation was even more 
significant when accelerated idioventricular rate was 
considered separately (r—0-696; p «0-001; n—52) 
(Fig. 2). In contrast, no significant relation between 
preceding sinus rate and the rate of ventricular 
tachycardia was observed (r —0-295, n —34) (Fig. 3). 
However, the heart rate preceding ventricular 
tachycardia was faster (78.92 +21:83) compared 
with the heart rate preceding accelerated idio- 
ventricular rate (67-79 -- 18-01) (2p < 0-02; unpaired 
**t? test; Fig. 4). 


(v) Relation of preceding heart rate to prematurity 
index (Fig. 5) 

A significant inverse correlation between the heart 
rate preceding accelerated idioventricular rate and 
ventricular tachycardia and the prematurity index 
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Fig.2 Relation of the preceding heart rate to the rate 
of idioventricular rhythm ( AIVR). 
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Fig. 3 Relation of the preceding heart rate to the rate 
of ventricular tachycardia. . 


of the first ventricular extrasystole was observed ° 
(r= -0-525; p « 0-001, n=70). 


(B) PREMATURITY INDEX 

Gi) Prematurity index and rate of ventricular 
arrhythmia 

A significant inverse correlation between the 
prematurity index and the rate of the following 
accelerated idioventricular rate or ventricular 
tachycardia was observed (r= -0:506; p<0-001) 
(Fig. 6). In addition, the prematurity index 
preceding accelerated idioventricular rate was 
significantly longer than the prematurity index 
preceding ventricular tachycardia (1-89 +0-53 and 
1-32 +-0-48, respectively) (2p < 0-001) (Fig. 4). 


(ii) Prematurity index in patients with and without 
ventricular tachycardia 

There was no significant difference when the 
prematurity index of both isolated ventricular 
extrasystoles and repetitive ventricular arrhythmia 
wére compared in patients with and without 
ventricular tachycardia (1:31 +-0-38 in patients with 
ventricular tachycardia and 1:45 0-52 in those 
without it). 


(C) ISOLATED VENTRICULAR EXTRASYSTOLES 
Forty-three of the 44 patients studied had ventri- 
cular arrhythmias during the 24-hour period. 


(i) Incidence of ventricular extrasystoles related to 
time after chest pain 

The number of isolated ventricular extrasystoles 
decreased significantly from 75-68 +122-6 in the 
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Fig. 4 Comparison of prematurity index, preceding 
heart rate, and the frequency of isolated ventricular 
extrasystole (VEB) in patients with accelerated 
idioventricular rhythm and ventricular tachycardia 
(AIVR and VT). 


first 24 hours to 40-98 +87:25 in the second 24 
hours (paired “t” test 2p < 0-05). 


(ii) Relation to incidence of accelerated idioventricular 
rate and ventricular tachycardia 

Because the frequency of isolated ventricular extra- 
systole is not normally distributed, the data were 
expressed as logarithms before applying Student's 
*t? test? In patients showing ventricular tachy- 
cardia, the log,, ventricular extrasystole was 1-75 
+0-45 as compared with 1-11+0-87 in patients 
without ventricular tachycardia (2p < 0-01) (Fig. 4). 
In addition patients showing ventricular tachy- 
cardia and accelerated — idioventricular rate 
had a significantly greater frequency of isolated 
ventricular extrasystoles as compared with patients 
showing neither rhythm (1-71 +0-70 in patients with 
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Fig. 5 Relation of preceding heart rate to the 
prematurity index. 
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tachycardia and/or accelerated rhythm and 0:83 + 
0-66 in patients without either) (2p <0-001). This 
suggests that patients with repetitive ventricular 
rhythms have more frequent isolated ventricular 
extrasystoles. This is even more pronounced in 
patients with ventricular tachycardia. 


(D) COUPLETS AND TRIPLETS 

The incidence of couplets and triplets was 55 per 
cent and 34 per cent, respectively. Though both 
tended to be higher in patients with ventricular 
tachycardia (75% and 50%, respectively) as 
compared with patients without ventricular tachy- 
cardia (43% and 25%), this was not statistically 
significant. 
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Fig.6 Relation of prematurity index to the rate of 
ventricular arrhythmia ( AIVR or VT). 


(E) ASSOCIATION OF VENTRICULAR 
TACHYCARDIA AND ACCELERATED 
IDIOVENTRICULAR RHYTHM 

We did not see any particular tendency for ac- 
celerated idioventricular rhythm and ventricular 
tachycardia to coexist in eight patients having both, 
eight with ventricular tachycardia only, and nine 
with accelerated idioventricular rhythm only. 


(F) ANALYSIS OF DATA WITH RELATION 

TO TIME 

The relation of preceding heart rate to the pre- 
maturity index and to the rate of accelerated 
idioventricular rhythm or ventricular tachycardia 
was similar in the first and second 12 hours of 
recording, and in patients presenting within or 
after six hours of pain. Similarly, the relation 
between the prematurity index and the rate of 
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accelerated idioventricular rhythm or ventricular 
tachycardia was independent of time. 


(G) INFLUENCE OF DRUGS ON RELATION 
BETWEEN PRECEDING HEART RATE, 
PREMATURITY INDEX, AND RATE OF 
ACCELERATED IDIOVENTRICULAR RHYTHM 
AND VENTRICULAR TACHYCARDIA 

Fourteen patients were on beta-blocking drugs 
during the period of tape-recording. The correla- 
tions between (1) preceding heart rate and pre- 
maturity index; (2) preceding heart rate and the 
rate of accelerated idioventricular rhythm and 
ventricular tachycardia; and (3) prematurity index 
and the rate of accelerated idioventricular rhythm 
and ventricular tachycardia were calculated in 
patients with and without beta-blocker treatment 
(Table). Similar correlations were found in all 
instances except one in the beta-blocker group, 
where no significant relation between preceding 
heart rate and the rate of accelerated idioventricular 
rhythm and ventricular tachycardia was observed. 
This suggests that the change in the prematurity 
index occurring at different heart rates is independ- 
ent of any direct pharmacological action of beta- 
blockers and is probably related to heart rate changes 
per se. 

Lignocaine was used in six patients within an 
hour of admission: four after ventricular fibrillation; 
and two for frequent ventricular tachycardia. In 
two other patients lignocaine was given after 
frequent runs of ventricular tachycardia were 
observed by the coronary care unit nurses approxi- 
mately two hours after admission. This was 
continued for 24 hours as a continuous infusion 
and produced almost complete suppression of any 
ventricular tachycardia or accelerated idioventricu- 
Jar rhythm in these patients. It was therefore not 
possible to assess if the relation between preceding 
heart rate, prematurity index, and rate of sustained 
ventricular arrhythmia was altered by lignocaine. 


Table Correlations between preceding heart rate, 
prematurity index, and rate of ventricular arrhythmia in 
patients treated and not treated with beta-blocker 








Patients on Patients not on 
beta-blocker beta-blocker 
Preceding heart rate and n=18 n=68 
rate of ventricular arrhythmia r=0-260 * r=0473 
NS p<0-001 
Preceding heart rate v r= -0-483 r= —0:673 
prematurity index p«005 p<0-001 
Prematurity index v rate r= —0:687 r= -0:574 
of ventricular rhythm p«001 p«0-001 





(H) CHARACTERISTICS OF PATIENTS WITH 
VENTRICULAR FIBRILLATION 

Four patients developed ventricular fibrillation 
within an hour of admission and all four showed 
separate runs of ventricular tachycardia two to 
30 minutes before the episode of ventricular 
fibrillation compared with only one of four patients 
showing accelerated idioventricular rhythm. Three 
patients had preceding ventricular tachycardia with 
rates 170, 178, and 178/min. In one of these, an 
episode of ventricular tachycardia at 178/min 
deteriorated into ventricular fibrillation. The fourth 
patient had ventricular tachycardia at a rate of 138/ 
min. In comparison only two out of the 40 patients 
without ventricular fibrillation had ventricular 
tachycardia at rates exceeding 170/min. In the 
first three patients the fibrillation was initiated by 
R on T ventricular extrasystoles (prematurity 
index = 0-62, 0-62, and 0-80, respectively). The 
fourth episode of ventricular fibrillation was 
initiated by an extrasystole falling at the end of the 
descending limb of the T wave (prematurity 
index = 0-90). In comparison, no patient without 
fibrillation showed a prematurity index less than 
0-80. Two patients without fibrillation showed 
R on T extrasystoles (prematurity index = 0-82 
and 0-84) one of whom also showed a run of 
ventricular tachycardia (170/min). Therefore 
patients with ventricular fibrillation showed faster 
ventricular tachycardia rates and earlier extra- 
systoles before the episode. 


Discussion 


Lown et al.‘ defined a series of types of ventricular 
arrhythmia which were thought to be associated 
with an increased risk of ventricular fibrillation. 
Other workers have supported this original con- 
cept.°- Recent reports, however, do not support 
this and ventricular fibrillation has been reported 
to occur without warning arrhythmias.1213 In 
addition warning arrhythmias have been found to 
be equally common in patients with and without 
ventricular fibrillation.5 * 14 Since the incidence of 
ventricular fibrillation is relatively low in patients 
in hospital because of the delay in admission (20 
out of 850 admissions in one series), many in- 
vestigators? è 10 have looked at the precursors of 
ventricular tachycardia which are known to be 
associated with a high mortality. In our own study 
all four patients with ventricular fibrillation 
demonstrated ventricular tachycardia, with three 
having ventricular rates of 170/min or more before 
the episode. We have therefore studied “warning 
arrhythmias” before ventricular tachycardia occurs. 

Like previous authors,® 1° we have observed a 
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higher incidence of isolated ventricular extrasystoles 
in patients with ventricular tachycardia. Though 
couplets and triplets were more frequent in patients 
with ventricular tachycardia as compared with those 
without ventricular tachycardia, this difference did 
not reach statistical significance. We have also 
shown a significant decrease in the incidence of 
ventricular extrasystoles with increasing time from 
onset of chest pain, as the delay in the onset of tape- 
recording would affect the probability of detecting 
warning arrhythmia.!5 Further, Lie et al.” have 
suggested that time after onset of chest pain should 
be an important criterion for the institution of anti- 
arrhythmic therapy. 

In this study we have chosen a new and quantita- 
tive approach to study the relation between 
preceding heart rate, prematurity index, and the 
rate of accelerated idioventricular rhythm and 
ventricular tachycardia. T'o use sharp distinctions 
of R on T and non-R on T is not wholly accurate 
as there can be ventricular extrasystoles with 
widely differing prematurity indices in each 
category. Similarly the rate of ventricular tachy- 
cardia or accelerated idioventricular rhythm is 
more accurate than arbitrary definitions (about 
which there is no unanimity)!” as the rates may 
vary within each category. We have, therefore, 
chosen to measure the individual prematurity index 
and relate it to the rate of the accompanying 
ventricular arrhythmia. 

We have demonstrated a significant inverse 
correlation between the prematurity index and the 
rate of ventricular arrhythmia. However, Fig. 6 
shows considerable scatter and it is evident that in 
some individual instances short prematurity index 
did not always lead to ventricular tachycardia. We 
have also shown that ventricular tachycardia is 
-preceded by extrasystoles with a prematurity index 
significantly shorter than those preceding acceler- 
ated idioventricular rhythm. However, when we 
compared the prematurity index in patients with 
and without ventricular tachycardia, no significant 
difference was obtained, consistent with the 
observations of De Soyza et al and Chou and 
Wenzke.* The possible reasons for this apparent 
discrepancy should be considered. The early studies 
of Smirk! and Bleifer et al.,? though stressing that 
the R on T ventricular extrasystole was associated 
with a higher incidence of ventricular fibrillation 
and tachycardia, also showed that this did not 
always happen. It was Bleifer et al.? who demon- 
strated that R on T extrasystoles alone did not 
carry a serious prognosis but that when seen in 
combination with repetitive ventricular arrhythmia 
they were dangerous. In fact, the majority of 
Smirk’s patients showed both the R on T 
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phenomenon and couplets, though this was not 
discussed in his paper. Further, Dolara’! has shown 
that the QT interval may be prolonged and when 
associated with a slightly premature extrasystole 
this gives the appearance of an R on T; this may 
have a different significance. Recently Greene 
et al? have reported that artificial cardiac 
stimulation leading to repetitive ventricular activity 
in patients after myocardial infarction could 
identify patients prone to ventricular tachycardia 
and sudden death. It is possible that only in such 
patients whose ventricles are "vulnerable" to 
ventricular tachycardia is the R on T extrasystole 
of importance. In other patients it may not have 
the same significance. 

Reports that late ventricular ectopic beats may 
initiate ventricular fibrillation and tachycardia do 
not necessarily contradict the role of the R on T 
extrasystole in their causation. Firstly, several 
factors (for example critical mass of myocardium 
available for re-entry, critical relation between 
conduction velocity and refractory period in certain 
parts of the myocardium, local myocardial electro- 
lyte changes, disturbances of nervous regulation, 
etc. other than an extrasystole falling in the 
“vulnerable period" may affect the response of the 
ventricle regarding the development of ventricular 
tachycardia and fibrillation.?? Secondly, Waldo and 
Kaiser* have shown, using epicardial recordings, 
that localised fibrillation occurring in the infarct 
zone continues after tbe T wave of the surface 
electrocardiogram and that this was often associated 
with the development of ventricular tachycardia 
and fibrillation. It may therefore be possible that 
ventricular extrasystoles occurring apparently after 
the T wave on surface recordings may be occurring 
during the period of fragmented electrical activity 
when the ventricle may be “vulnerable”. 

We have shown a significant relation between 
preceding heart rate and the rate of sustained 
ventricular arrhythmia. This relation appears to 
be mainly for accelerated idioventricular rhythm 
and not for ventricular tachycardia. This observa- 
tion supports the possibility that accelerated idio- 
ventricular rhythm is usually an escape rhythm.” 
However, the heart rate preceding runs of ventricu- 
lar tachycardia was significantly higher than that 
preceding accelerated idioventricular rhythm. Lie 
et al. have reported a higher incidence of sinus 
tachycardia immediately preceding ventricular 
fibrillation. Recent experimental work?? has shown 
that a rapid heart rate may increase ventricular 
extrasystoles, non-homogeneity of refractory periods 
in contiguous areas of the myocardium, and 
vulnerability to ventricular fibrillation. In addition 
slow heart rates caused by vagal stimulation per se 
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also increased ventricular fibrillation threshold. 
These considerations support our observations of a 
direct relation between heart rate and the rate of 
ventricular arrhythmia. 

A significant inverse correlation between preced- 
ing heart rate and the prematurity of the ventricular 
ectopic has been shown. This may indicate that in- 
creasing heart rates may lead to ventricular ectopic 
beats with shorter prematurity index. The possi- 
bility that this may be an artefact must be con- 
sidered. Itis possible that as heart rate increases, and 
the RR interval decreases, the coupling interval of a 
manifest ventricular extrasystole may shorten corre- 
spondingly. However the QT interval also shortens 
with increasing heart rate and therefore any shorten- 
ing of the prematurity index at fast heart rates is 
likely to be real and not artefact. However, the 
underlying mechanism for this relation is unclear 
and we are not aware of any work relating heart 
rates to the prematurity index. 

We have shown that faster heart rates are 
associated with ventricular ectopic beats with 
shorter prematurity, which may in turn lead to 
faster ventricular arrhythmia in "susceptible" 
patients. This relation, however, may not exist in 
patients not susceptible to repetitive ventricular 
arrhythmias. 
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Response of atrial flutter to overdrive atrial pacing 
and intravenous disopyramide phosphate, 
singly and in combination 


JOHN CAMM, DAVID WARD, ROWORTH SPURRELL 
From the Department of Cardiology, St Bartholomew’s Hospital, London 


SUMMARY ‘Ten patients who suffered spontaneous paroxysms of atrial flutter were investigated by 
electrophysiological techniques. Two had overt Wolff-Parkinson-White syndrome; three Lown- 
Ganong-Levine syndrome; and one a concealed accessory atrioventricular connection. Atrial flutter was 
initiated, at study, by right atrial pacing and electrograms from the right atrium and coronary sinus 
were observed for at least five minutes to ensure stable flutter in both atria. 

Atrial flutter was terminated by 2-5 s or 5 s bursts of atrial pacing at rates 10, 50, or 100 beats/min 
faster than the intrinsic flutter rate in only two patients. Atrial flutter, which was reinitiated in two 
patients, was then treated with intravenous disopyramide phosphate, 2 mg/kg body weight, infused 
over five minutes. In all 10 patients the atrial rate slowed from a mean of 310 +39 beats/min to 217 4-27 
beats/min and atrial flutter terminated in one case. Though the mean ventricular rate fell from 161 4-52 
beats/min to 156 +45 beats/min the atrioventricular conduction ratio fell from 2-17 0-86 to 1:55 +0-59 
and four patients were left with symptomatically significant increases of ventricular rate. In seven of 
nine patients overdrive atrial pacing, repeated after disopyramide, resulted in the conversion of atrial 


flutter to sinus rhythm. 


In this study, overdrive atrial pacing and intravenous disopyramide, singly and in combination, 
terminated atrial flutter in nine of the 10 patients and it is suggested that this method may provide 
an effective alternative to direct current cardioversion. 


In 1967, Haft and coworkers! reported the success- 
ful termination of atrial flutter by rapid atrial 
pacing. They also suggested that premedication 
with quinidine-like drugs potentiated the success 
of the technique. Though others??: have used 
atrial pacing techniques to treat atrial flutter with 
variable and, at times, contradictory results!? +° 
little attention has been given to pretreatment with 
antiarrhythmic agents. Here we report the individual 
and combined results of overdrive atrial pacing 
and intravenous disopyramide phosphate in the 
treatment of paroxysms of atrial flutter. 


Subjects and methods 


Ten patients aged between 22 and 62 years were 
investigated for complaints of recurrent paroxysmal 
palpitations (Table 1). All patients had suffered 
documented attacks of atrial flutter and three 
patients also had attacks of “supraventricular” 
Received for publication 18 February 1980 


tachycardia which were not thought to be atrial 
flutter. One patient presented with profound 
sinus bradycardia, sinus node arrest, and paroxysms 
of tachycardia. There was no clinical or radio- 
graphic evidence of organic heart disease though 
two patients were mildly hypertensive. The surface 
electrocardiogram was normal in four patients, 
showed sinus bradycardia in one, and a short PR 
interval in five. In two patients, the short PR 
interval was followed by broad QRS complexes of 
the Wolff-Parkinson-White pattern, type A. 
Routine blood tests, including thyroid function 
tests, were normal in all patients. 

The patients underwent intracardiac electro- 
physiological investigation in the catheterisation 
laboratory or coronary care unit. All patients were 
studied in a fasting unsedated state and had not 
received medication for at least 72 hours before the 
study. Informed consent was obtained from each 
patient. Conventional electrophysiological investi- 
gations were performed as described elsewhere, 
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but for the purpose of this study bipolar electrodes 
were positioned to record simultaneously or 
sequentially from the lateral wall of the right atrium 
(close to its junction with the superior vena cava) 
and the coronary sinus. Atrial flutter was initiated 
by rapid atrial pacing and the arrhythmia was 
observed for five minutes to ensure that there was 
stable flutter of both atria. At the end of this period, 
attempts were made to terminate atrial flutter by 
atrial pacing from the single right atrial site at a 
stimulus voltage of twice the diastolic threshold 
during sinus rhythm. Pacing rates were adjusted to 
10, 50, and 100 beats/min faster than the spon- 
taneous flutter rate and pacing was continued for 
periods of two and a half and five seconds. If this 
resulted in the successful termination of the 
arrhythmias, atrial flutter was restimulated and 
reobserved for a further five minutes to ensure 
stability. Disopyramide phosphate, at a dose of 
2 mg/kg body weight, was then administered to all 
10. patients. The infusion was given evenly over 
exactly five minutes, and continuous electrocardio- 
graphic recordings at a paper speed of 25 mm/s 
were made for a period of 10 minutes. Short strips 
were recorded at 100 mm/s at one minute intervals. 

If atrial flutter had not terminated in response to 
disopyramide within 10 minutes of the start of the 
infusion, rapid atrial pacing for durations of two 
and a half and five seconds, at rates 10, 50, and 
100 beats/min faster than the new flutter frequency, 
was again tried. 

Atrial and ventricular rates were measured at one 
minute intervals throughout the study. Where the 
ventricular rate was irregular, the mean rate over a 
10 second period was calculated. The atrioventricu- 
lar conduction ratios were derived from these values. 
The maximum ventricular rate during the study 
period was noted. Results were analysed by the 
paired Student’s t test. 
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Table 1 Clinical, electrocardiographic, and 
electrophysiological details of 10 patients with recurrent 
paroxysmal atrial flutter 








Case Age (yk Diagnosis EPS 
no. sex 
1 31 M PAFI, SVT, LGL PAFI, AVRT(CLAP) 
2 44 M PAFI PAFI 
3 39 F PAFI, SAD, LGL PAFI, SAD 
4 62 M PAFI, LGL PAFI 
5 22 F PAFI PAFI 
6 58 M PAF! PAFI 
7 48 M PAFI PAFI 
8 62 M PAFI, SVT, WPW PAFI, AVRT(LAP) 
9 48 M PAFI, SVT, WPW PAFI, AVRT(LAP) 
10 52 M PAFI PAFI 





PAFI, paroxysmal atrial flutter; SVT, supraventricular tachycardia; 
LGL, Lown-Ganong-Levine syndrome; SAD, sinuatrial disease; 
WPW, Wolff-Parkinson-White syndrome; AVRT, atrioventricular 
re-entrant tachycardia; CLAP, concealed left-sided accessory 
pathway; LAP, left-sided accessory pathway; EPS, electrophysio- 
ogical study diagnosis. 


Results 


The results of routine electrophysiological studies 
in the 10 patients are summarised in Table 1. In 
six patients, no electrophysiological abnormality 
could be detected, but in one, abnormal sinus node 
function was documented and, in three, left-sided 
accessory atrioventricular pathways were disclosed 
and re-entrant tachycardias, using these pathways 
in the retrograde direction, were precipitated. 

In all 10 patients, stable atrial flutter of both 
chambers was initiated by atrial pacing. The initial 
fiutter frequency, the ventricular response rate, and 
the atrioventricular ratio are set out in Table 2, 
and illustrated in Fig. 1 and 2. The flutter rate 
varied between 230 beats/min and 375 beats/min 
(mean = 310 +39 beats/min), and in eight cases 
characteristic “saw tooth” flutter waves were seen, 
but, in two, both with overt Wolff-Parkinson- 
White syndrome, baseline oscillations were obscured 


Table 2 Response of atrial flutter to disopyramide (diso) and overdrive atrial pacing (RAP) . 





Atrial rate Ventricular rate AIV ratio * Termination 

Case ————— ————————— 

no. Pre Post Pre Max Post Pre Post Diso RAP(pre) | RAP(post) 
1 320 220 130 171 130 2:46 1:69 0 iU +F 
2 353 230 86 110 90 410 2-55 + 0 NR 
3 300 176 150 220 176 2-00 1:00 0 0 + 
4 336 264 156 156 138 215 1:91 0 T 0 
5 328 256 164 164 128 2-00 2:00 0 t + 
6 375 207 125 130 88 3-00 2:35 0 0 0 
7 280 210 140 210 210 2-00 1:00 0 0 + 
8 230 188 230 230 188 1-00 1:00 0 0 + 
9 280 194 280 280 194 1:00 1:00 0 0 4 

10 300 220 150 220 220 2:00 1:00 0 0 + 

Mean 310 217 161 189 156 2:17 1:55 

SD(+) 39 27 52 49 45 0-86 0:59 





pre, pre-disopyramide; post, post-disopyramide; max, maximum ventricular rate observed during 10-minute observation period after the 
start of the disopyramide infusion; +, successful conversion; 0, unsuccessful conversion; NR, not relevant. 
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Fig. 1 Atrial and ventricular rates before and after disopyramide infusion. 
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C, control; Dig, 10 minutes after 


disopyramide ; Dmax, maximum ventricular rate during the 10 minute observation period after the start of the 


disopyramide infusion; bpm, beats per minute. 


by 1:1 conduction over the accessory pathway. 

Rapid atrial pacing, before disopyramide (Fig. 3) 
successfully terminated two examples of atrial 
flutter (cases 4 and 5). In the remainder, flutter was 
entrained (six cases) or atrial capture was not 
achieved (two cases). 

The infusion of disopyramide phosphate resulted 
in reduction of the atrial rate in all patients. The 
mean atrial rate fell significantly (p « 0-001) from 
310 +39 beats/min to 217 +27 beats/min (Fig. 1a). 
In one patient atrial flutter terminated six minutes 
after the start of the disopyramide infusion. The 
ventricular rate response to disopyramide infusion 
was variable. Fig. 4 illustrates the response in case 9. 
Initially, the atrioventricular rate was 280 beats/min, 
and five minutes after the conclusion of the diso- 
pyramide infusion the 1:1 atrioventricular relation 
persisted at a rate of 194 beats/min. In case 7 (Fig. 5) 
2:1 atrioventricular conduction was present initially 
but, in response to disopyramide, the atrial rate 
slowed from 270 beats/min to 200 beats/min with 
the development of 1:1 atrioventricular conduction. 
Results in the 10 patients are illustrated in Fig. 6 
and are demonstrated graphically in Fig. 1b and 1c. 
In six patients, the ventricular rate increased at 
some time during the 10 minute observation period 
(Fig. 1c) and the mean increase (161 +52 to 189 +49 
beats/min) was significant (p « 0-01). By the end 
of the observation period (Fig. 1b) there was an 
insignificant fall in the mean ventricular rate 
(161 +57 to 156 +45 beats/min), but the atrioven- 
tricular conduction ratio had significantly (p « 0-01) 
fallen (2-17 +0-86 to 1:55 +0-59). 

Innine patients, the termination of the arrhythmia 
by overdrive atrial pacing was attempted again after 
the infusion of disopyramide. The technique proved 


successful in seven cases, six of whom had not 
responded before disopyramide. In the two failures 
it was not possible to achieve atrial capture. In the 
successful cases, atrial pacing usually resulted in 
transient runs of atrial tachycardia or fibrillation 
before conversion to sinus rhythm. Atrial fibrillation 
of a duration longer than 5 s was not precipitated 
except in the two failures, who after completing the 
study were subjected to longer and faster periods 
of atrial pacing. One of these patients eventually 
required direct current cardioversion. The overall 
results of the combined technique are illustrated in 
Fig. 7. 
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Fig. 2 The atrioventricular (A/V) ratio before (C) 
and after (Dig) disopyramide infusion. 
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Fig. 3 The successful conversion of atrial flutter by rapid atrial pacing before the administration of disopyramide 
(case 4). The atrial flutter rate is 336 beats/min; the average ventricular rate is 156 beats/min; and the atrial 


pacing rate is 386 beats/min for 2:5 seconds. 


HRAE, high right atrial electrogram; DCSE, distal coronary sinus electrogram; PCSE, proximal coronary sinus 
electrogram; HBE, His bundle region electrogram; RAP, rapid atrial pacing; 1, aVF, V1, and V6 are surface 


electrocardiogram leads; paper speed, 25 Manis 
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Fig. 4 Atrial flutter with 1:1 AV conduction via a 

left-sided accessory atrioventricular pathway before and 

10 minutes after the infusion of disopyramide. The rate 

falls from 280 beats/min to 194 beats/min (case 9). 


LRAE, low right atrial electrogram. Paper speed, 
100 mmis. 


Discussion 


In 1963, Moe et al! showed that paced atrial 
extrastimulation could interrupt experimental re- 
ciprocating atrioventricular nodal tachycardia, and 
recently Wit and Cranefield!5 showed that triggered 
tachycardias would also stop in response to prema- 
ture stimulation. Massumi et al." first applied 
artificial pacing methods to the treatment of supra- 
ventricular tachycardia, and Durrer and colleagues! 
confirmed these clinical results and stressed that 
the termination of tachycardia by premature beats 
required critical timing. When a single premature 
beat will suffice it may be simply provided by fixed 
rate underdrive pacing, but if several depolarisa- 
tions are required, overdrive pacing may be 
necessary. The termination of supraventricular 
tachycardia by overdrive atrial pacing was first 
reported in 19681; by 1972, it was an accepted 
alternative to direct current cardioversion,” and it | 
is now recognised as a very successful method for 
the termination of the majority of supraventricular 
tachycardias.” 

Since the report by Haft et al. in 1967, other | 
investigators have confirmed that atrial flutter may 
be successfully converted to sinus rhythm by over- 
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drive atrial pacing, but there have been several 
dissenting reports. Puech et al? succeeded in 
terminating immediately only six of 29 cases of 
atrial flutter and in 22 atrial fibrillation was the 
result. In six of these, however, the atrial fibrillation 
lasted only a few seconds. Rosen and colleagues!’ 
treated 15 cases by overdrive atrial pacing: none 
reverted to sinus rhythm, but “stable” atrial 
fibrillation was induced in six patients. Our results 
were similarly poor before the administration of 
disopyramide. The poor results are probably a 
result of limiting the duration of pacing, the pacing 
rate, and the pacing energy. These limitations, 
which have not specifically been applied by others, 
- were designed to minimise the risk of precipitating 
atrial fibrillation which did not occur in this series. 

Disopyramide phosphate, a butyramide derivative, 
has been shown to reduce the frequency of auto- 
matically discharging foci and to slow the conduction 
velocity in both myocardial and specialised con- 
duction tissue.???? In addition to its membrane 
stabilising effect disopyramide increases the duration 
of the action potential? and, in man, may prolong 
the atrial refractory period. ?5 Though the 
mechanism of atrial flutter is controversial??? some 
suggesting that abnormal automaticity?’ °* is the 
cause and others preferring a re-entrant basis,?°~5+ 
whichever the mechanism the electrophysiological 
properties of disopyramide could explain both the 
termination and the slowing of atrial flutter. If 
circus movement sustains the arrhythmia decreased 
atrial conduction velocity would lead to slowing of 


Atrial 


Camm, Ward, Spurrell 


the flutter rate but, if atrial refractoriness increased 
sufficiently to exceed the tachycardia cycle length, 
thearrhythmia would be extinguished. Alternatively, 
the depressant effect of disopyramide on spon- 
taneous diastolic depolarisation would result in 
slowing, and possibly termination of atrial flutter 
caused by enhanced atrial automaticity. Decreased 


` atrial excitability?? induced by disopyramide may 


also contribute to the termination of atrial flutter. 

'The effect of disopyramide on atrial flutter has 
not been reported in detail. Though Luoma et al. 
studied patients with atrial flutter, they did not 
distinguish this arrhythmia from atrial fibrillation. 
In the cases reported by Vandenbosch er al.,34 
disopyramide converted three of 11 examples of 
atrial flutter and, in the series of Deano et al., 
three of eight patients reverted to sinus rhythm in 
response to disopyramide. Our rate of success with 
conversion was comparatively low and while this 
may be partly related to the short observation 
period, previous experience with intravenous 
disopyramide indicated that the majority of 
terminations occurred within 10 minutes of the 
start of the infusion? and, in any event, it is 
difficult to ascribe late terminations to the action 
of the drug.’ 

In this series, as in others,?^?5 disopyramide 
resulted in consistent and pronounced slowing of 
the atrial flutter frequency. In the presence of 
1:1 atrioventricular conduction, the ventricular 
rate also slowed, but when a degree of atrioventri- 
cular conduction block was present, the infusion 
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Fig. 5 Atrial flutter before (0) and 8 and 9 minutes after the infusion of disopyramide (case 7). See text for 
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of disopyramide resulted in higher ventricular rates 
in six cases. This result is a potential hazard when 
treating atrial flutter with disopyramide, and 
represents the combined effects of slowing of flutter 
frequency and anticholinergic effects on the atrio- 
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Fig. 6 Atrial and ventricular responses at 0, 2, 4, 6, 8, 
and 10 minutes, after disopyramide infusion in cases 1 to 
10. 
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ventricular node.” 38 38 When 1:1 atrioventricular 
conduction occurs after the treatment of atrial 
flutter with disopyramide the flutter frequency is 
considerably less than the pretreatment rate and 
very rapid ventricular rates do not result. Neverthe- 
less, if disopyramide does not achieve conversion 
of atrial flutter to sinus rhythm the combination of 
increased ventricular rates and depressed myo- 
cardial function could lead to significant sympto- 
matic deterioration and systemic hypotension. This 
serious side effect was not encountered in this study. 
Similar effects have been observed with quini- 
dine**-#? and procainamide. .' 

The possibility that premedication with a 
quinidine-like antiarrhythmic agent would poten- 
tiate the conversion of atrial flutter to sinus rhythm 
by overdrive atrial pacing was suggested by Haft 
et al.) In one of their cases, rapid atrial pacing was 
effective only after administration of oral procain- 
amide. In a recent report by Wyndham et al.*4 pre- 
treatment with disopyramide reduced the risk of 
atrial pacing precipitating atrial fibrillation and 
improved the chances of successful conversion of 
atrial flutter to sinus rhythm. 

This study has attempted to assess systematically 
the value of premedication of atrial flutter with 
disopyramide before overdrive atrial pacing, and 
the results suggest that the conversion rate to 
sinus rhythm is improved. If atrial flutter were a 
result of circus movement, an increasé of atrial re- 
fractoriness after disopyramide might increase the 
physiological obstacle around which the flutter 
wavelet circulated?? allowing pacing closer to an 
enlarged circuit. Alternatively, if conduction slowed 
without a commensurate increase of refractoriness 
the excitable gap between the tachycardia depolari- 
sation wavefront and its receding repolarised tail 
would increase. Either result would facilitate the 
invasion and "saturation" of the tachycardia circuit 
by pacemaker-induced depolarisation. On the other 
hand, if flutter were the result of abnormal auto- 
maticity, a disopyramide-induced reduction in the 
discharge rate would improve the electrophysio- 
logical access to the focus of the arrhythmia, 
unless disopyramide produced conspicuous in- 
creases in atrial refractoriness or conduction times. ., 
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Paroxysmal atrial flutter is difficult to treat 
effectively. Medical conversion of an individual 
paroxysm with drugs such as verapamil,^ beta- 
blockers, quinidine,*! and disopyramide," 75 is 
generally disappointing and though synchronised 
direct current countershock is undoubtedly ef- 
fective, it is not without risk.*? *° A pacing method 
of terminating recurrent supraventricular arrhyth- 
mias has obvious attraction because it can be 
repeated often and may be adapted for long term 
use. Failure to achieve sinus rhythm and the 
unwanted precipitation of atrial fibrillation are the 
two main disadvantages of overdrive atrial pacing 
for the treatment of paroxysmal atrial flutter. 
Though the incidence of atrial fibrillation can be 
minimised by limiting the duration of pacing, the 
pacing frequency, and the pacing energy, the 
successful conversion rate of this arrhythmia to 
sinus rhythm is also reduced by these limitations. 
Premedication of atrial flutter with disopyramide 
restores the effectiveness of limited overdrive atrial 
pacing without increasing the risk of atrial 
fibrillation. 
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Detection of late arrhythmia and conduction 
disturbance after correction of tetralogy of Fallot 
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SUMMARY The electrocardiographic conduction disturbances were evaluated retrospectively, in relation 
to prognosis, in 196 patients who underwent correction of tetralogy of Fallot. The follow-up was one 
to 20 years (mean 10). After surgery complete right bundle-branch block occurred in 187 patients 
(95%), right bundle-branch block and left axis deviation in 17 patients (9%), and progressive conduction 
defects, either left axis deviation or right bundle-branch block, developed during follow-up in 21 
patients (11%). Nine patients (4-6%) died suddenly and two patients developed complete heart block 
late after the operation. Though late sudden death or complete heart block occurred in 19 per cent of 
patients with progressive conduction defects as opposed to 4 per cent of the group with stable 
conduction defects, the difference was not significant. l 

Twenty-four hour ambulatory electrocardiographic monitoring was performed in 74 patients; 
41 per cent had significant (Lown grade 2, 3, or 4) ventricular arrhythmias. The incidence of ventricular 
arrhythmia in the group with progressive conduction defects (80%) was significantly higher than in 
the group with stable conduction defects (30%). As occult arrhythmia may be the cause of sudden 


death, it is important to identify these patients. 


Late sudden death has been reported after surgical 
correction of tetralogy of Fallot in up to 3-4 per cent 
of patients. Both the cause of these deaths and the 
prognostic significance of preoperative and post- 
operative conduction disturbances remain contro- 
versial. Right bundle-branch block is the commonest 
conduction disturbance: Kulbertus et al.? first 
described the occurrence of right bundle-branch 
block and left anterior hemiblock after correction 
of tetralogy of Fallot, and suggested that patients 
with this electrocardiographic finding might have 
a poor prognosis. Wolff et al? reported a 
significantly increased incidence of late complete 
heart block and sudden death in this group; others, 
however, have suggested a benign prognosis.‘ 5 
Ventricular arrhythmias have also been reported 
after correction of tetralogy of Fallot and it has 
been suggested that they may lead to sudden 
death.! 97? 

The purpose of this study was to determine the 
nature and prevalence of arrhythmia after correction 
of tetralogy of Fallot. Retrospective analysis was 
also performed to correlate the arrhythmias detected 
with postoperative conduction disturbances. 
Received for publication 4 February 1980 


Patients and methods 


The electrocardiograms of 196 consecutive patients, 
114 male and 82 female, who underwent correction 
of tetralogy of Fallot at the Hammersmith Hospital 
between 1959 and 1971 were reviewed. Patients 
who died within one month of operation were 
excluded from the study. The age of patients at 
the time of corrective surgery was 3 to 20 years 
(mean 11). Thirty-eight patients (19%) had 
previously undergone a Brock operation and 74 
(37%) had had a shunt procedure. The duration of 
follow-up was one to 20 years (mean 10). 

The electrocardiograms were routine 12 lead 
tracings, and were recorded preoperatively (one to 
two days before surgery), postoperatively, and 
serially during the follow-up period. They were 
analysed for the presence of arrhythmias, conduction 
disturbances, and mean frontal QRS axis change. 
Right bundle-branch block was diagnosed when the 
QRS interval in the right praecordial leads exceeded 
120 milliseconds with terminal conduction delay. 
Incomplete right bundle-branch block was defined 
as a QRS duration of less than 120 milliseconds 
with terminal conduction delay. Left axis deviation 
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was considered present when the frontal plane QRS 
axis was between -30° and -120*. 

Preoperative and perioperative pulmonary artery, 
right ventricular, and left ventricular pressures 
were available in 180 (92%) patients: 72 patients 
(37%) underwent cardiac catheterisation in the 
follow-up period. 

Twenty-four hour out-patient ambulatory elec- 
trocardiographic monitoring was performed on 74 
patients using the Oxford Medilog cassette recording 
system. These patients were being followed up at 
the Hammersmith Hospital or other centres where 
ambulatory monitoring facilities were available. No 
other selection criteria were employed. The 
recordings were analysed by one of the authors 
using a Reynolds High Speed Pathfinder analyser 
and they were reviewed by a second physician. 
The ventricular arrhythmias found were graded 
using a modification of the Lown criteria. The 
following categories were defined: grade 0, no 
ventricular extrasystoles in 24 hours; grade 1, 
occasional ventricular extrasystoles, but no more 
than 30 in any hour of monitoring; grade 2, more 
than 30 ventricular extrasystoles in any hour of 
monitoring; grade 3, multiform ventricular extra- 
systoles; grade 4a, couplets (two consecutive 
ventricular extrasystoles); grade 4b, ventricular 
tachycardia (three or more ventricular extrasystoles 
in succession). 


STATISTICAL ANALYSIS 
The Fisher exact test was used, where appropriate, 
to assess statistical significance. 


Results 


ELECTROCARDIOGRAM 

Table 1 summarises the conduction patterns found 
on the preoperative, postoperative, and most recent 
follow-up electrocardiogram. Complete right 
bundle-branch block occurred in 95 per cent of 
patients after operation, and postoperative right 


Table 1 Conduction defects on preoperative, 
postoperative, and follow-up electrocardiograms 





Preoperative Postoperative Follow-up 
Conduction pattern — — — 
No. of No. of No. of 
patients patients patients 
(%) (%) (%) 
Normal 170 (87) 7 (4 2 (10 
Incomplete RBBB 22 (11) 2 (1) 2 (0 
Complete RBBB 4 (2 187* (95) 192 (98) 
17 (9) 33 (17) 


RBBB + LAD o (0 





RBBB, right bundle-branch block; LAD, left axis deviation. 
* Includes the 17 patients who also had left axis deviation. 
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bundle-branch block and left axis deviation in 9 
per cent of patients. During the follow-up period 
five patients (2:595) developed right bundle-branch 
block and 16 patients (895) developed progressive 
shift in QRS axis to left axis deviation. These late 
conduction defects occurred between six months 
and six years after operation. From the post- 
operative and follow-up electrocardiograms, three 
groups of patients were defined: (a) postoperative 
right bundle-branch block with normal axis or 
right axis deviation; (b) postoperative right bundle- 
branch block and left axis deviation; (c) progressive 
conduction defects, either progressive left axis 
shift or the development of right bundle-branch 
block during follow-up. 


POSTOPERATIVE ARRHYTHMIAS 

'Table 2 summarises the perioperative arrhythmias 
detected in relation to the underlying electro- ` 
cardiographic conduction defects. Perioperative 
transient complete heart block occurred in nine 
patients (595), one with postoperative right bundle- 
branch block and left axis deviation, and one with 
progressive left axis shift during follow-up. 


LATE ARRHYTHMIAS 

First degree atrioventricular block was seen in 20 
patients (1095) during follow-up. One of these 
patients had left axis deviation postoperatively and 
three had progressive late left axis deviation. Late 
complete heart block was uncommon, occurring in 
only two patients. Both of these patients had 
progressive late left axis deviation and one had had 
transient perioperative complete heart block. 
Ventricular extrasystoles were noted in 29 patients 
(15%) on routine electrocardiograms. 


MORTALITY 

Fifteen patients died during the follow-up period. 
Four of the deaths were a result of infective 
endocarditis and two patients died at reoperation. 
Sudden death during follow-up, from documented 
or suspected arrhythmia, occurred in nine patients 
(4-695). The interval between surgery and death 
was two to 15 years (mean 5-5). Five of the patients 
who died suddenly were asymptomatic, while three 
had complained of syncopal episodes, and one of 
palpitation. None of these patients had undergone 
ambulatory electrocardiographic monitoring. Their 
conduction defects and arrhythmia documentation 
are shown in Table 3. Postoperatively, eight 
patients had right bundle-branch block and one 
patient had additional left axis deviation. During 
follow-up, there was progressive change in the 
electrocardiogram in two patients, one developing 
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Table 2 Frequency of perioperative arrhythmias related to electrocardiographic conduction defects 








Conduction defect Total First degree Complete heart Nodal rhythm Ventricular 
patients AV block block extrasystoles 
Total group 196 18 (9%) 9 (5%) 10 (595) 21 (11%) 
RBBB j 158 12 (8%) 7 (4%) 9 (6%) 17 (11%) 
RBBB+LAD 17 4 (23%) 1 (6%) 0 (0%) 3 (18%) 
Progressive conduction defect 21 2 (10%) 1 (5%) 1 (5%) 1 (5%) 





LAD, left axis deviation; AV, atrioventricular. 


left axis deviation and the other right bundle- 
branch block. 

Postoperative complete heart block and ventri- 
cular arrhythmia were not found in any of the 
patients who died suddenly. During follow-up, one 
patient had supraventricular tachycardia and an- 
other frequent ventricular extrasystoles, but no 
cases of complete heart block or bradycardia were 
documented. 


AMBULATORY MONITORING 

Supraventricular arrhythmias 

Thirty-eight patients (56%) had atrial extrasystoles 
recorded on the 24-hour electrocardiogram. The 
total number of atrial extrasystoles ranged from one 
to 5184 in 24 hours. Only four patients (595) had 
more than 1000 atrial extrasystoles in 24 hours, 
and two of these patients belonged to the group 
with progressive conduction disorders. A further 
four patients (595) had paroxysmal supraventricular 
tachycardia. 

'Thirteen patients (1895) had evidence of sinus 
node dysfunction, with either periods of sinus 
arrest for longer than two seconds, sinus brady- 
cardia less than 35 beats per minute, or sinuatrial 
block. Three of these 13 patients had progressive 
left axis shift on serial electrocardiograms. 


Table 3 Arrhythmias and conduction defects in patients 
who died suddenly 


Case Postoperative Follow-up Postoperative Late 
no. conduction conduction arrhythmia arrhythmia 
defect defect 

1 RBBB RBBB — — 

2 RBBB RBBB — — 

3 RBBB RBBB — Supraventricu- 
lar tachycardia 

4 RBBB RBBB — — 

5 RBBB RBBB+LAD — — 

6 RBBB RBBB — Ventricular 
extrasystoles 

7* RBBB RBBB — — 

8 RBBB+LAD RBBB+LAD — — 

9 Normal RBBB Junction — 

. tachycardia 


LAD, left axis deviation; RBBB, right bundle-branch block. 


*Operation performed at The Hospital for Sick Children, Great 
Ormond Street. 


Atrioventricular block 

The incidence of atrioventricular block during 
ambulatory monitoring is shown on Table 4. First 
degree heart block was noted throughout the 24- 
hour period in three patients and occurred inter- 
mittently in a further three cases. Five of these six 
patients had right bundle-branch block with a 
normal QRS axis, and the remaining patient had 
progressive left axis deviation during follow-up. 
Second degree heart block and complete heart block 
were uncommon findings: transient atrioventricular 
dissociation, with a ventricular rate of 50 to 60/ 
minute, occurred in two patients, and both had 
right bundle-branch block and a normal QRS axis. 


Table 4 Atrioventricular block detected during 
ambulatory monitoring in 74 patients 





Conduction defect on electrocardiogram 





Heart block 
RBBB RBBB+LAD PCD 
no.= 55 no.— 4 no.=15 
Intermittent 1° AVB 2 0 1 
Stable 1° AVB 3 0 0 
2? AVB 2 0 0 
3? AVB 2 0 0 





AVB, atrioventricular block; PCD, progressive conduction defect; 
LAD, left axis deviation. 


Ventricular arrhythmias 
Fifty-seven patients (77%) had ventricular extra- 
systoles, ranging from one to 10 191 per 24 hours. 
Seventeen patients (23%) had over 500 ventricular 
extrasystoles in 24 hours, 15 patients (20%) had 
multiform ventricular extrasystoles, and 13 patients 
(18%) had- pairs of ventricular extrasystoles 
(couplets). Ventricular arrhythmias, of Lown grade 
2 or greater, were found in 30 patients (41%). 
Ventricular tachycardia (grade 4b) was not detected 
in any of the patients during 24-hour monitoring. 
Table 5 shows the frequency and grade of 
ventricular ectopic activity detected during 24-hour 
monitoring in relation to the conduction pattern 
on the resting electrocardiogram. The incidence of 
grade 2, 3, or 4 ventricular arrhythmias in the group 
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Table 5 Frequency and grade of ventricular ectopic activity during 24-hour monitoring in relation to 


electrocardiographic conduction pattern 


———— M ——M  ———— M —— Hr: 


Per cent of patients with ventricular extrasystoles 








Per cent of — Highest grade of ventricular — -— 
Conduction defect No. of patients extrasystoles during Thirty* Total* Total* Grade 
patients with 24 hours (^5) in any hour 300 to 1000. > 1000 2,5, or 4 
ventricular 
extrasystoles 0 i 2 3 4a 4b 
RBBB 55 76 24 46 2 14 14 0 13 11 5 30 
RBBB + postop LAD 4 50 50 25 0 0 25 0 25 0 25 25 
PCD 15 87 13 7 20 33 27 0 33 20 7 80 
Total group 74 77 23 36 6 17 18 0 18 12 11 41 
PCD, progressive conduction defect; LAD, left axis deviation. 
* These three categories and the ventricular extrasystole grades are not mutually exclusive. 
of patients with progressive conduction defects was however, was a group of 21 patients (11°) with 


80 per cent. This is significantly higher than the 
incidence found in the group with right bundle- 
branch block and no axis shift during follow-up 
(p <0-01). 

Symptoms, surgical technique, and postoperative 
haemodynamic data (in particular the presence of 
a residual ventricular septal defect or right ventri- 
cular outflow obstruction) were analysed. We were, 
however, unable to establish any symptom, 
haemodynamic measurement, or surgical factor as 
a predictor of conduction defects, late arrhythmias, 
or late sudden death. 


Discussion 


The overall incidence of late sudden death during a 
mean follow-up of 10 years was 4-6 per cent. This 
compares with reported incidences of 2-9 per cent? 
and 3-4 per cent! over a similar period. Previous 
reports have attempted to identify risk factors 
for sudden death and to determine the antecedent 
mechanism. Several authors have suggested that 
the presence of right bundle-branch block and 
left axis deviation after correction of tetralogy 
of Fallot implies a poor long-term prognosis.?? 
Wolff ez al.* reported a series of 24 patients with 
right bundle-branch block and left axis deviation 
in which the incidence of sudden death was 12:5 
per cent. The significance of this conduction 
disturbance, however, has been the subject of 
controversy. Cairns et al.* reported no sudden 
deaths among 31 patients with postoperative 
right bundle-branch block and left axis deviation 
over a mean follow-up of 27 months. A favourable 
prognosis has also been found by Downing et al. 
and Steeg er a/.!? In our study we are also unable 
to associate a poor prognosis with this conduction 
disturbance as only one of 17 patients with post- 
operative right bundle-branch block and left axis 
deviation has died suddenly. An important finding, 


evidence of progression of conduction disturbance 
during long-term follow-up. These patients had 
either normal conduction or right bundle-branch 
block alone postoperatively, but developed left 
axis deviation or new right bundle-branch block 
between six months and six years after surgery. 
"Though the difference was not statistically signi- 
ficant, sudden death or complete heart block 
occurred in 19 per cent of the patients with pro- 
gressive conduction defects and in only 4 per cent 
with stable conduction pattern. 

The disparity in reported prognosis for patients 
with postoperative right bundle-branch block and 
left axis deviation may result from the failure of 
the scalar electrocardiogram to distinguish between 
central and peripheral damage to the conducting 
system. Injury to the central portion of the right 
bundle may occur as a result of closure of the 
ventricular septal defect, while right bundle- 
branch block may result from damage to the distal 
right bundle caused by right ventriculotomy.!” 
Horowitz et al.!* using epicardial activation map- 
ping, found that right bundle-branch block appeared 
after infundibular resection during transatrial 
repair of tetralogy of Fallot. Additional left axis 
deviation need not necessarily imply block of the 
anterior fascicle of the left bundle-branch."4 !* Thus, 
patients with right bundle-branch block and left 
axis deviation are not likely to represent a homo- 
geneous group. The anatomical location of the 
lesions in the patients with progressive conduction 
defects remains to be clarified by electrophysio- 
logical and pathological studies. 

There is still debate about the nature of the 
arrhythmia responsible for late sudden death after 
correction of tetralogy of Fallot. Wolff er al’ 
speculated that sudden death associated with right 
bundle-branch block and left axis deviation results 
from subsequent complete heart block. Moss er a/.!* 
also reported late complete heart block after 
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correction of tetralogy of Fallot and related its 
occurrence to perioperative complete heart block. 
Intracardiac electrophysiological studies have been 
performed to identify patients at risk from complete 
heart block. Gillette et al. found a prolonged HV 
interval in only one of eight patients with post- 
operative right bundle-branch block and left axis 
deviation, and they were unable to correlate either 
first degree block, prolonged AH or HV intervals 
with late complete heart block, or a poor prognosis. 
In our series there were only two cases of late 
complete heart block; both patients had progressive 
left axis deviation during follow-up with a normal 
postoperative QRS axis. Transient perioperative 
complete heart block occurred in 10 patients. Only 
one of these developed late complete heart block, 
and one other has died. Twenty-four hour monitor- 
ing has not disclosed a high incidence of unsuspec- 
ted heart block associated with any electro- 
cardiographic conduction defect. 


Ventricular arrhythmia is an alternative mechan- 
ism for sudden death after correction of tetralogy of 
Fallot. Gillette et al.6 reported late sudden death 
in three of nine patients with ventricular extra- 
systoles on the resting electrocardiogram, none 
of whom had significant conduction disturbance 
during intracardiac electrophysiological study. 
Garson ef al. in a series of 233 patients found 
ventricular extrasystoles on the electrocardiograms 
of all eight patients who died suddenly, with no 
evidence of complete heart block. James er al.,® 
Quattlebaum er al., and Rosing et al." all con- 
sidered ventricular arrhythmias to be a more 
important cause of sudden death than heart block. 
Our results have shown a high incidence (41%) of 
significant ventricular arrhythmias (Lown grade Z 
or above) on ambulatory monitoring. This incidence 
is considerably greater than that found in studies of 
comparable subjects without heart disease? These 
ventricular arrhythmias were significantly increased 
among patients with evidence of progressive con- 
duction defects. Ventricular extrasystoles, in the 
presence of conduction block, may be particularly 
significant because of a greater potential for re-entry 


arrhythmias. Even ventricular extrasystoles which. 


have features normally considered benign may be 
important and in Quattlebaum's series? the ventri- 
cular extrasystoles associated with sudden death 
were unifocal, with late coupling. Garson et al.! 
were able to correlate the occurrence of ventricular 
arrhythmias and sudden death with a raised right 
ventricular systolic pressure. We were, however, 
unable to relate the presence of arrhythmias or late 
sudden ‘death to surgical technique or to any 
‘residual postoperative haemodynamic abnormality. 

We cannot link the presence of ventricular 
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arrhythmia with sudden death as none of our 
patients who underwent 24-hour monitoring has 
died. Several different mechanisms are probably 
responsible for late sudden death after correction - - 
of tetralogy of Fallot. Our results disclosed a high 
incidence of serious ventricular arrhythmia, par- 
ticularly in patients with progressive conduction 
disease. As occult arrhythmia may be the cause of 
sudden death in tetralogy of Fallot, it is important 
to detect these patients; appropriate treatment 
remains to be defined. 


We thank Professor J F Goodwin, Professor H H 
Bentall, Mr W P Cleland, and Dr C M Oakley for 
allowing us to study their patients. Statistical advice 
was kindly provided by Ms A Petrie of the Royal 
Postgraduate Medical School. 
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SUMMARY Intra-arterial or intravenous infusion of prostacyclin at three dose levels (2, 5, and 10 ng/ 
kg per min) in 10 subjects without evidence of coronary heart disease or cardiac failure, led to a 
distinct fall in peripheral and total pulmonary vascular resistances. This was accompanied by a drop in 
intra-arterial blood pressure, and the acceleration of heart rate. Stroke volume, cardiac output, mean 
right atrial pressure, and left ventricular end-diastolic pressure showed no significant changes. Except 
for sporadic headache no side effects occurred. Prostacyclin appears to act predominantly on resistance 
vessels. The haemodynamic effects produced by prostacyclin in man might be of clinical interest in 
the treatment of conditions associated with a significant rise in vascular resistance. 


Prostacyclin (PGI,) is a metabolite of arachidonic 
acid, generated by the arterial walls! ? and secreted 
into the circulation by the lungs.? In man, it blocks 
platelet aggregation, disperses circulating platelet 
aggregates, and causes vasodilatation.! It might 


well be that prostacyclin shields arteries against ` 


mural thrombosis and stops development of 
atherosclerosis.® 

The remarkable properties of prostacyclin have 
been found beneficial in treating advanced arterio- 
sclerosis obliterans.? They could also be useful in 
the management of atherosclerotic heart disease 
provided more was known about the haemodynamic 
effects of prostaglandin in man. 


Patients and methods 


The study included 10 men, aged 34 to 65 years, 
who underwent treatment with prostacyclin be- 
cause of peripheral arterial disease. Arteriosclerosis 
obliterans was diagnosed in seven of them, and 
thrombangiitis in the remaining three. The. diag- 
nosis was based on typical history, clinical examina- 
tion, and in each case it was confirmed by angio- 
graphy. There was no evidence of either coronary 
heart disease or cardiac failure. 

The patients had not received any drugs for a 
period of about a week preceding the infusion. The 
study was carried out in the intensive care unit 
under continuous electrocardiographic monitoring. 

Cooled solution of lyophilised sodium salt of 
prostacyclin (synthesised by The Upjohn Com- 
Received for publication 30 January 1980 


pany, Kalamazoo, Michigan, USA, and formulated 
by The Wellcome Research Laboratories, Becken- 
ham, England) in glycine buffer pH 10-5 was 
infused during 72 hours. Six patients (cases 1, 2, 
3, 7, 9, and 10) received infusions into the femoral 
artery of the affected limb, four others (cases 4, 5, 
6, and 8) into the subclavian vein. The initial dose 
of 2 ng/kg per min was stepped up, first to 5 ng/kg 
per min and then to 10 ng/kg per min. 

Right heart catheterisation was carried out with 
a TF Swan-Ganz flow-directed thermodilution 
catheter, inserted through a cutdown in an ante- 
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Fig. The effects of prostacyclin infusion on heart rate 
(HR), mean brachial artery pressure (BAPm), total 
pulmonary resistance (TPR), and peripheral vascular 
resistance (PVR). 
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cubital vein. The catheter was connected to a 756 
pressure transducer and 863 amplifier of Mingograf 
82 recorder (Elema-Siemens) from which measure- 
ments of right atrial, right ventricular, pulmonary 
artery, and pulmonary capilary wedge pressures 
were made. Cardiac output was measured using the 
thermodilution technique in triplicate, and the 
mean was calculated. Arterial blood pressure was 
determined continuously through a cannula in- 
serted into the left brachial artery. 

Cardiac output, stroke volume, and both left and 
right ventricular stroke work were expressed as 
indices by dividing by body surface. In calculating 
the left ventricular stroke work index pulmonary 
artery end-diastolic pressure was used instead of 
left ventricular end-diastolic pressure. Peripheral 
vascular resistance, total pulmonary resistance, and 
pulmonary wedge resistance were calculated by the 
standard formulae. 

Simultaneously, external systolic time intervals 
were measured from the carotid artery and prae- 
cordial phonocardiogram and electrocardiogram. 
The differences between time intervals after correc- 
tion for standard heart rate were compared.? Left 
ventricular dP/dtmax was calculated by the indirect 
method? using the following formula for mean 
electromechanical Ap/At: BPd-PAEDP/PEP, where 
BPd is. diastolic blood pressure in the brachial 
artery, PAEDP is pulmonary artery end-diastolic 
pressure, and PEP is pre-ejection period. 

Additionally, in three of 10 patients both resting 
and hyperaemic calf muscle blood flows in the 
affected limbs were measured according to Lassen 
et al., as described previously,? and expressed in 
ml per min per 100 g. 

Student's t test for unpaired data was used in 
statistical evaluation. 


Results 


In all 10 patients the initial haemodynamic values 
studied were within the normal range, except for 
decreased resting and hyperaemic muscle blood 
flow. The changes in certain haemodynamic 
indices appeared early during infusion of the 
lowest dose of PGI,. These changes became more 
pronounced with the increase in dose of the infused 
hormone. PGI, at a dose of 10 ng/kg per min 
caused a distinct fall in pulmonary vascular resist- 
ance from 1340 to 932 dynes s cm=5 (p < 0-01). At 
the same time arterial blood pressure (mean, 
systolic, and diastolic) fell on average by 20 per 
cent. Heart rate rose from mean 62/minute to 
79/minute (p «0-:0D), while left ventricular stroke 
work index declined from 75 to 56g m/m? (p 
«0-05). There was a mild, insignificant decrease 
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by 12 per cent in pulmonary wedge resistance. 
Total pulmonary resistance, however, fell signifi- 
cantly (p < 0-05) from mean 170 to 133 dynes s cm. 
The following indices remained unaffected by the 
administration of PGI,: cardiac output, cardiac 
index, stroke volume index, pulmonary artery end- 
diastolic pressure, and right atrial pressure. Mean 
electromechanical Ap/At showed no changes dur- 
ing infusion of 2 and 5ng/kg per min PGI,, 
and fell during the administration of 10 ng/kg per 
min PGI, Systolic time intervals remained un- 
changed throughout PGI, infusion. Hyperaemic 
muscle blood flow increased in the affected limbs 
(from 3-3 --0-7 to 11:9 +3:0 ml/min per 100g at 
10 ng/kg per min PGI,). 

The route of administration of PGI, did not 
seem to affect the haemodynamic indices studied, 
which showed similar changes in patients receiving 
intra-arterial or intravenous infusions. In some 
patients prolonged infusion of high doses of PGI, 
caused headache or pain in the leg. Decrease in 
dose resulted in rapid disappearance of these 
symptoms. No other side effects occurred. 


Discussion 


Vasodilatory properties of PGI, described in man 
previously? explain several of the haemodynamic 
findings reported here. Of these, a pronounced fall 
in vascular resistance was the most striking pheno- 
menon. 'This fall included pulmonary vascular 
resistance and total pulmonary resistance. It 
occurred even during infusion of the lowest dose 
of PGI,, progressed in a dose-dependent manner, 
and was accompanied by a distinct rise in muscle 
blood flow. These effects were most striking in the 
subjects with basic pulmonary vascular resistance 
values close to the upper limit of the normal range. 
'Thus, in four patients with basic values between 
1500 to 1800 dynes s cm^? pulmonary vascular 
resistance fell on average by 40 per cent, while in 
the remaining six patients (basic values below 1500 
dynes s cm) it declined by only 24 per cent. 

A similar dose-dependent fall in pulmonary 
vascular resistance after PGI, injection was reported 
recently in several experimental animal models.!? 1 


' Man, however, appears to be more sensitive to 


PGI, than the animals studied. Infusion of five to 
10 times lower concentrations of prostacyclin to 
man than to the animals!? 1? 3? resulted in a similar 
fall in pulmonary vascular resistance in both groups. 

In comparison to prostaglandin E, (PGE) 
prostacyclin has a stronger vasodilatatory action in 
man. Doses of PGE, at least twice as high were 
necessary to reduce pulmonary vascular resistance 
to the range similar to that reported here. Prostacy- 
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clin was also better tolerated than PGE,. We have 
not observed abdominal cramps or back pain, 
which were frequently recorded in subjects receiv- 
ing PGE,, and which had necessitated interruption 
of the infusion. 

Although PGI, depressed significantly total 
pulmonary resistance, its effects on the pulmonary 
bed were less pronounced than those on peripheral 
vascular resistance. Thus, during the administra- 
tion of PGI, at a dose of 10 ng/kg per min pul- 
monary wedge resistance fell by 12-5 per cent, total 
pulmonary resistance by 21-7 per cent, and peri- 
pheral vascular resistance by 30:4 per cent—in 
comparison with initial values. Similarly, Kadowitz 
et al.'* obtained a more pronounced fall in systemic 
than pulmonary vascular resistance in dogs receiv- 
ing PGI,. Though neither in animals nor in men 
were these differences of striking magnitude, they 
nevertheless might suggest that the two vascular 
beds vary in sensitivity to PGI,. This observation 
seems interesting, since the sensitivity to the 
vasodilatating action of prostaglandins varies be- 
tween the different vascular regions, being highest 
in the skeletal muscle vasculature and lowest in the 
splanchnic vascular bed. Moreover, in the skeletal 
muscle vascular bed, the PGI, synthetic pathway 
is quantitatively the most important. +" 

The falling vascular resistance caused a drop in 
arterial blood pressure, reaching the level of 
significance at a dose 10 ng/kg per min. The 
acceleration of heart rate, which followed, could be 
looked upon as an autoregulatory mechanism, 
triggered by a fall in blood pressure. This accelera- 
tion together with a slight fall in stroke volume 
index resulted in the small increase in cardiac index, 
which did not reach the level of statistical signi- 
ficance. Left ventricular stroke work index de- 
creased significantly during infusion of 10 ng/kg 
per min PGI, Lower doses of PGI, (2 and 5 
ng/kg per min), which did not reduce afterload, 
however, caused no changes in either left ventricular 
Stroke work index or cardiac index, left ventricular 
Ap/At, and systolic time interval. It appears, 
therefore, that PGI, in the above doses has no 
direct inotropic effects. 

Our overall impression is that prostacyclin acts 
predominantly on the resistance vessels. This 
suggestion stems from the following haemodynamic 
changes occurring during PGI, infusion: (1) fall in 
vascular resistance; (2) increase in muscle blood 
flow; (3) lack of changes in mean right atrial 
pressure. Prostacyclin, therefore, could be valuable 
not only in the treatment of peripheral arterial 
disease,* 18 but also in clinical conditions associated 
with significant rise in vascular resistance, including 
pulmonary hypertension, hypertensive emergencies, 
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and cardiogenic shock. Clinical studies with 
prostacyclin seem warranted in heart failure, a 
condition affected favourably by vasodilators 
through lowering of afterload and subsequent 
improvement of failing left ventricle.!? 2" If pro- 
stacyclin, indeed, finds application in the above 
clinical situations, then it might be advantageous 
in comparison with the currently used vasodilators, 
since its potentially useful haemodynamic effects 
occur even at low doses (2 to 10 ng/kg per min) 
which cause no serious side effects. 


We thank The Upjohn Company for a grant for 
equipment. 
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Haemodynamic effects of hydralazine at rest and 
during exercise in patients with chronic heart failure 


WILLIAM R GINKS, DAVID R REDWOOD 


From the Cardiac Department, St. George’s Hospital, London 


SUMMARY The administration of vasodilator drugs has been shown to have beneficial effects at rest 
in patients with acute or chronic heart failure. To determine the efficacy of hydralazine during exercise, 
10 severely symptomatic patients with chronic left ventricular failure from diffuse coronary disease or 
cardiomyopathy were studied at rest and during upright exercise on a bicycle ergometer. All patients 
were already receiving optimal treatment with digitalis aad diuretics. 

At rest treatment with hydralazine resulted in a fall in both mean arterial and pulmonary wedge 
pressure. There was a 50 per cent reduction in systemic vascular resistance compared with pretreatment 
measurements and there was an equally impressive increase in stroke volume index. During exertion 
the changes noted at rest were sustained though occurred to a lesser degree; thus there was a 20 per 
cent fall in arterial resistance and a 20 per cent rise in stroke volume index compared with control. 

These findings show that hydralazine administration not only results in a beneficial effect on 
cardiac function at rest but that this effect is maintained during upright exercise in patients with 
impaired left ventricular function, thus providing further support for its use in the long-term 


management of such patients. 


The improvement in survival of patients admitted 
to coronary care units with acute myocardial 
infarction and the reduction in post-infarct mortality 
with the use of antiarrhythmic treatment has 
resulted in an increasing number of patients who 
manifest symptoms and signs of poor ventricular 
function and in whom the use of conventional 
antifailure treatment with digitalis and diuretics 
has failed to result in significant improvement. In 
these patients and in patients with ventricular 
failure resulting from other forms of cardiomyo- 
pathy, the administration of vasodilator drugs has 
been shown to result in beneficial haemodynamic 
changes.'~* 

Thus sodium nitroprusside given intravenously 
lowers systemic vascular resistance and reduces 
impedance to ventricular ejection. Consequently 
cardiac output increases with only small changes in 
the arterial pressure. At the same time, because of 
more effective ventricular emptying and because of 
an increase in venous capacitance consequent upon 
the venodilatory effects of nitroprusside, ventricular 
filling pressures are reduced. Thus the two major 
effects of chronic pump failure are alleviated— 
Received for publication 15 October 1979 


namely impaired organ perfusion and raised 
pulmonary venous pressure. While these beneficial 
effects follow the acute administration of intra- 
venous sodium nitroprusside, its use in the long- 
term management of heart failure is clearly not 
feasible. Further studies have therefore examined 
the effects of other vasodilator drugs which can be 
admiristered orally. Nitrates qualitatively mimic 
the effects of treatment with nitroprusside by 
causing a significant reduction in left ventricular 
filling pressure? * but a less impressive change in 
cardiac output.? 1° 

Treatment with hydralazine, an arterial dilator, 
increases the cardiac output as much as nitro- 
prusside but seems to be less effective in reducing 
left ventricular filling pressure.!!-!* 

These studies have analysed the acute effects of 
drugs used at rest and little attention has been 
paid to their effects during upright exercise where 
the mejor benefit of such treatment would be sought. 
The present study has therefore been undertaken 
to assess the haemodynamic effects of orally 
admininistered hydralazine, at rest and during 
upright bicycle exercise, in patients with chronic 
left ventricular failure from myocardial disease. 
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Table 1 Haemodynamic effects of hydralazine at rest 
amaenn 
Before drug After drug 

Case Aer HR MPAP PCWP MAP CI SVR SVI MPAP 
"o. (bí min) (mmHg) mmHg) (mmHg) {limin per m?) units f! mlí m? i (mmHg) 

1 CD 100 47 28 100 1-50 40 15 55 

2 2D 89 35 27 80 1:252 29 17 35 

3 CD 105 16 5 84 1:49 31 14 12 

4 2D 100 25 16 80 2-053 24 20 25 

5 CD 90 29 22 80 2:053 24 23 32 

6 CD 90 13 8 92 2:455 24 27 13 

7 CM 70 26 18 90 1:60 27 23 20 

8 CM 135 18 5 88 198 26 15 17 

9 AVR 63 57 32 92 1:672 31 27 54 
10 CM 90 25 17 84 2:535 18 28 22 
Group data 

(SEM +) 93 +6 29 £4 18 «3 87 «2 1-886 «0:12 27 22 2142 97 «8 29 4:5 


———————————————————————————————————— Ug ————— HÀ D Met MC —áÁá— 


HR, heart rate; MPAP, mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; C1, cardiac index; MAP, mean arterial 
pressure; SVR, systemic vascular resistance; SVI, stroke volume index; CD, coronary artery disease; CM, dilated cardiomyopathy; AVR, aortic 


valve replacement. 


Patients and methods 


Ten patients with chronic heart failure were 
studied. There were seven men and three women, 
with an age range of 44 to 72 years (mean 61 years). 
The aetiology of the ventricular failure was 
secondary to diffuse coronary arterial disease in six 
patients, caused by cardiomyopathy of unknown 
cause in three patients, and was related to persistent 
poor ventricular function despite aortic valve 
replacement for severe aortic regurgitation in one 
patient. Clinically, all patients had symptoms and 
signs of chronic severe biventricular failure and the 
chest x-ray showed typical cardiomegaly and 
evidence of pulmonary venous hypertension. All 
patients were being optimally treated with con- 
ventional treatment including digoxin and diuretics. 

Before the definitive haemodynamic evaluation, 
each patient participated in at least two exercise 


practice sessions in order to become familiar with 
the bicycle ergometer procedure and in order to 
assess Maximum exercise capacity. Exercise was 
performed at an initial workload of 20 watts and 
was increased by 20 watts every three minutes. 
Exercise continued until the patient felt unable to 
proceed because of severe dyspnoea or fatigue. 
Exercise tolerance on the ergometer during the 
preliminary studies was found to be reproducible 
in all patients. 

During the definitive haemodynamic studies, 
arterial pressure was measured by means of a short 
Teflon catheter inserted percutaneously into the 
brachial artery. Pulmonary capillary wedge pressure 
was obtained by inserting a balloon-tipped triple 
lumen catheter through a basilic vein. Cardiac 
output was determined in triplicate using thermo- 
dilution techniques. For convenience, pressure 
measurements were made with zero reference to 


Table 2 Haemodynamic effects of hydralazine during exercise 


——————ÓÀ—————————————————— gn 'Ó Ó''!—— e DDR D CE DC ER Mena] 


Before drug 

Case Aet HR MPAP PCWP MAP 
na. ( bi min) fmmHg i {mmHg} {mmHg} 

I CD 140 55 33 105 

2 CD 115 35 25 70 

3 CD 140 34 24 75 

4 CD 120 52 35 80 

5 CD 125 50 32 85 

6 CD 135 25 21 84 

7 CM 90 45 30 90 

8 CM 220 42 26 118 

9 AVR 87 56 35 65 
10 CM 130 57 35 85 
Group data 

(SEM +) 130 «12 46 «4 30 «2 86 «5 


m————————————————————— a üÜ nemus et M tttm Cc ct 


For abbreviations, see Table 1. 


After drug 

CI SVR SVI HR 

¿limin per m’) units (mlim? } (bí min) 

3:497 18 25 135 50 
2-202 18 19 115 — 
2:14 19 15 140 27 
3061 12 34 115 40 
428 12 34 130 50 
5-486 10 41 135 24 
3-60 13 40 85 33 
5-40 13 25 195 30 
2-287 16 26 80 55 
4672 10 36 120 45 
3763 20-4 14 «1 29 i3 123 210 


MPAP 
(mmHg 
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C SVI 





PCWP SVR 
immi j í ¿limin per m! units ( ml/m?*) 
30 1-887 30 19 
22 74 2:279 18 27 
2 62 2314 15 22 
15 70 3-794 ik 38 
20 80 3.159 16 32 
3 54 3:454 10 41 
5 65 3-10 ii 44 
4 60 3:60 10 22 
30 69 2:663 15 39 
10 78 3-937 11 44 
14 £3 7l x4 3-019 «0:22 15 «2 3343 





the sternal angle. Baseline haemodynamic measure- 
ments were obtained with the patient sitting up- 
right at rest on the bicycle ergometer. The patient 
then performed graded exercise to the point of 
maximal exercise tolerance when haemodynamic 
recordings were repeated before the termination of 
exercise with dyspnoea or fatigue. After this control 
study the patients rested supine and were given 50 
to 75 mg hydralazine orally (a dose of 1 mg/kg 
body weight was given based on earlier haemo- 
dynamic observations). Cardiac output determina- 
tions and pressure measurements were repeated at 
rest and during maximum exertion three hours 
later. 


Results 


Tables 1 and 2 show the haemodynamic variables 
in the 10 patients both at rest and during maximal 





PCWP 





MAP C SVR SVI 


(mmHg j (mmHg) (limin per m?) units (mlim?) 
30 94 3-845 15 29 

20 60 2:345 14 21 

22 67 2:656 14 19 

25 70 4:897 9 43 

30 86 4:669 12 36 

12 70 5-075 9 38 

15 84 4:40 9 53 

20 88 6l 8 31 

30 60 3-087 li 39 

30 80 5768 8 48 

23 + 76 x4 4285 10-4 Thal 36 23 
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exercise, before and three hours after the oral 
administration of hydralazine. 

Under resting conditions hydralazine produced a 
significant fall in mean pulmonary venous pressure 
frora an average of 18+3-0 to 14435 mmHg 
(p « 0-05); at peak exercise, a significant reduction 
in mean wedge pressure also occurred after treat- 
mert, from 30 +16 to 23 1-1 mmHg (p<0-01) 
(Fig. 1). Similar haemodynamic effects on mean 
arterial pressure were observed. Thus mean 
arterial pressure fell from 87 +-2-1 to 70 +.3-6 mmHg 
(p <0-O1) after treatment at rest and from 86 5:0 
to 76 3:9 mmHg (p<0-01) during peak exercise 
(Fig. 2). The fall in arterial pressure was related to 
a striking reduction in arterial resistance. At rest, 
arterial resistance fell from an average of 27 +.1-9 
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Fig. 1 The haemodynamic effects of hydralazine on 
mean pulmonary capillary venous pressure ( SEM shown) 
both at rest left-hand panel) and during upright 
exercise (right-hand panel). 


units, for the group as a whole, to 15 --1:9 units 
(p « 0-01) after treatment with hydralazine. As can 
be seen (Fig. 3) this was similar to the average level 
of resistance measured in the patients during 
exercise before hydralazine had been given. 
During exercise three hours after the drug, there 
was then a further significant reduction in resistance 
to 1140-8 units (p<0-01). Coincident with the 
alteration in systemic vascular resistance, there 
was an impressive increase in stroke volume both 
at rest and during maximal exertion (Fig. 4). At 
rest, stroke volume increased significantly from an 
averege of 21 1-7 to 33 4-3-1 ml/m? after hydrala- 
zine (p « 0:01) and indeed returned to the normal 
range (>35 ml/m?) in several instances. During 
effort stroke volume increased from a mean of 
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Fig. 2 The haemodynamic effects of hydralazine on 
mean arterial pressure ( SEM shown) both at rest 
(left-hand panel) and during upright exercise (right-hand 
panel). 


29 2-8 to 36 4-3-4 ml/m? after treatment (p < 0-01). 
In one patient stroke volume actually fell during 
exertion after hydralazine (41 to 38 ml/m?) and 
this was probably related to an excessive reduction 
in filling pressure induced by the drug in this 
patient. 

The haemodynamic changes occurring after 
treatment with hydralazine may be expressed as the 
average percentage change compared with pre- 
treatment measurements. At rest, there was a 
significant reduction in both arterial and pulmonary 
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Fig. 3 The haemodynamic effects of hydralazine on 
systemic vascular resistance ( SEM shown) both at rest 
(left-hand panel) and during upright exercise (right-hand 
panel). : 
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Fig. 4 The haemodynamic effects of hydralazine on 
stroke volume index ( SEM shown) both at rest (left-hand 
panel) and during upright exercise (right-hand panel). 


wedge pressure. There was a 50 per cent reduction 
in systemic vascular resistance and an equally 
striking increase in stroke volume index. During 
exertion the shifts seen in the resting state were 
maintained but occurred to a considerably lesser 
degree; thus there was a 20 per cent fall in systemic 
vascular resistance and a 20 per cent rise in stroke 
volume index compared with control. In order to 
analyse the effects of hydralazine on left ventricular 
performance, points on the function curve were 
plotted in the conventional manner by comparing 
the average pulmonary wedge pressure with the 
average stroke volume index, both at rest and at 
peak exercise (Fig. 5). At rest, stroke volume index 
increased from 21 to 33 ml/m? after hydralazine 
while there was a coincident slight but significant 
reduction in filling pressure (from 18 to 14 mmHg). 
During exercise treatment with hydralazine resulted 
in a similar directional change in stroke volume 
(from 29 to 36 ml/m?, p < 0-01). Thus there appeared 
to be an overall shift of the function curve upwards 
and to the left suggesting improved left ventricular 
function. 


Discussion 


Systemic vascular resistance is increased in the 
setting of chronic left ventricular failure since 
arterial pressure is often normal or sometimes 
raised in the face of a pronounced reduction in 
cardiac output. Multiple factors may be respon- 
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Fig. 5 The effect of hydralazine on left ventricular 


performance both at rest (left-hand side) and during 
maximal exertion (right-hand side). 


hydratazine 


sible for this high vascular resistance. Increased 
sympathetic outflow, enhanced secretion of renin, 
and the accumulation of salt and water in the blood 
vessels may each be determinants in the process.!* 1° 

An increase in systemic vascular resistance in 
response to a decrease in cardiac output is appro- 
priate and beneficial when a fall in cardiac output 
is not associated with primary pump dysfunction 
but, in contrast, when left ventricular function is 
impaired, the increase in impedance further 
diminishes cardiac output and consequently further 
compromises the already decreased function. 
Vasodilator therapy therefore represents a means of 
interrupting an undesirable positive feedback 
mechanism that may play an important part in the 
natural history of heart failure. The overall improve- 
ment in cardiac function with hydralazine is most 
probably the result of a direct dilating effect on 
resistance vessels previously noted by others." 
The decrease in impedance to left ventricular 
ejection shown in this study is therefore presumably 
responsible for the increase in cardiac output and 
is similar to the observations, measured under 
resting conditions, reported by Chatterjee et al.5 
and Franciosa et al.** In this study, treatment with 
hydralazine alone produced a small but significant 
reduction in arterial and pulmonary wedge pressure 
which differs from the results of Chatterjee et al.** 
and may be related to the larger dose of hydralazine 
used, to the different composition of two relatively 
small groups, and to the variation of metabolism 
of hydralazine in different patients. The blood 
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leveis of the active metabolites of hydralazine are 
dependent on the individual rate of hepatic 
acetylation when the drug is given orally; the blood 
leve: of hydralazine is approximately 50 per cent 
of the oral dose in slow acetylators but only 30 per 
cent in fast acetylators. 

Tae reduction in left ventricular filling pressure 
after treatment with hydralazine is a probable 
consequence of more effective left ventricular 
emptying resulting from decreased impedance to 
ejection. This reduction in diastolic pressure and 
volume will result in an improved oxygen demand: 
supply ratio which will prevent or delay myocardial 
ischaemia during stress in patients with ischaemic 
cardiomyopathy and thus help to preserve myo- 
cardial function. 

During peak exercise the magnitude of change 
in cardiac output after treatment with hydralazine 
is less obvious for the group overall than that 
observed under resting conditions. This is an 
expected finding, since it would be very unlikely, 
that under conditions of stress, impaired pump 
function would be able to improve as much as at 
rest however potent the stimulus. In addition, 
quite distinct variations between patients in the 
increment in cardiac output during exercise after 
hydralazine were observed and this probably 
related to the aetiology of the heart failure, its 
severity, and duration. Exercise tolerance in all 
patierts, when assessed after the acute administra- 
tion of hydralazine, was not improved even in 
those subjects where a considerable increase in 
cardiac output had been measured during maximal 
exertion. It is possible, therefore, that hydralazine 
results in an increase in cardiac output which is 
preferentially distributed to cutaneous, hepatic, 
splanchnic, and renal vascular compartments.!! ?9 

In conclusion this study confirms the beneficial 
effect of hydralazine on resting cardiac function in 
patients with chronic heart failure. This improve- 
ment -n cardiac function is sustained, though to a 
lesser extent, during upright exercise. Though 
these results provide further support for the use 
of vasodilators in the long-term management of 
patien:s with chronic heart failure, questions arise 
concerning the wide individual patient variation in 
response to treatment. Furthermore, though cardiac 
output is increased by hydralazine, more informa- 
tion about the regional vascular effects of such 
agents is required. 
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Cardiovascular reflexes in patients after 
myocardial infarction 


Effect of long-term treatment with beta-adrenoceptor 
antagonists 


T BENNETT, R G WILCOX, J R HAMPTON 


From the Departments of Physiology and Pharmacology ard Medicine, Queen's Medical Centre, 
Clifton Boulevard, Nottingham 


SUMMARY A double-blind study was made of men who had had a myocardial infarction at least one 
year previously, and who were being treated with proprenolol, atenolol, or placebo. They were compared 
with age- and sex-matched control subjects. Under resting conditions, there were no differences 
between the systemic arterial blood pressures, forearm blood flows, or heart rates of the control subjects 
and the post-infarction patients treated with placebo. The patients, however, showed signs of reduced 
sympathetic effects on the cardiovascular system when their reflex responses to the Valsalva manoeuvre, 
lower body negative pressure, and performance of a mental task were assessed. Long-term treatment 
with propranolol or atenolol had little effect on resting systemic arterial blood pressure or forearm blood 
flow, but caused a significant reduction in resting heart -ate. Differences in the reflex responses of these 
patients and those on placebo were attributable to the effects of the beta-adrenoceptor antagonists on 
resting heart rate. These results indicate that post-infarction patients do not have signs of overactivity 
of autonomic nervous control of the cardiovascular system. Furthermore, long-term treatment of such 
patients with beta-adrenoceptor antagonists does not impair cardiovascular reflexes. 


Patients with an acute myocardial infarction fre- sympathetic control? This change is temporary,” 


quently have physical signs suggestive of excessive 
autonomic nervous system activity. A sinus tachy- 
cardia and systemic hypertension may indicate 
overactivity of the sympathetic nervous system, 
while sinus bradycardia may indicate overactivity 
of the parasympathetic system.! It has been 
suggested that such autonomic "imbalance" may 
contribute to the high mortality of acute infarction.' 
On the other hand, it is possible that activation of 
the sympathetic system is a desirable reflex response 
that tends to improve cardiac performance, while 
parasympathetic-mediated bradycardia may have 
the useful function of reducing myocardial oxygen 
demand. 

Reflexes mediated through the autonomic system 
are difficult to investigate when patients are ill, but 
within the first few days after infarction it has been 
shown that the bradycardia induced by face 
immersion (the “diving reflex") is increased, 
possibly indicating sensitisation of cardiac para- 
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and little is known about other cardiovascular reflex 
mechanisms in patients who have suffered a myo- 
cardial infarction.? 4 

The value of long-term treatment with beta- 
adrenoceptor antagonists after a myocardial infarc- 
tion is still not clear. Though they have been 
claimed to reduce mortality, the mechanism by 
which they do so is unknown. They do not appear 
to have much antiarrhythmic effect? but one 
possibility is that they modify cardiovascular 
refiexes in a way that protects the heart from 
undesirable autonomic nervous influence. 

We have therefore compared cardiovascular 
reflexes in a group of survivors of myocardial 
infarction (who were either untreated, or who had 
received beta-adrenoceptor antagonists for at least 
one year) with those of a matched group of healthy 
subjects. 


Sudjects and methods 


'Twenty-four men aged less than 60 years, who had 
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had a proven myocardial infarction at least 12 
months previously, were studied. None suffered 
from angina or had symptoms or signs of heart 
failure; all had returned to their preinfarction level 
of activity. All were taking part in a trial comparing 
propranolol (a non-selective beta-adrenoceptor 
antagonist), atenolol (a cardioselective beta- 
adrenoceptor antagonist), or placebo in post- 
infarction patients. In that trial, the results of 
which will be described elsewhere (Wilcox et al., in 
preparation), treatment began immediately after 
admission to a coronary care unit; thus the patients 
described in the present study had received either 
a beta-adrenoceptor antagonist or placebo for at 
least 12 months. No patient was receiving any other 
treatment. 


Table 1 Details of control subjects and post-infarction 
patients 





Maximum enzyme 


Months since levels 
Group No. Age (y) — infarct 
SHBD AST 
Control 6 47 «2 — -— — 
Placebo 6 52 +3 17 «1 576 108 
Propranolol 6 4234 15 «1 584 115 
Atenolol 6 48 43 15 «1 598 101 





The amounts of beta-adrenoceptor antagonists 
administered (propranolol 80 mg bd and atenolol 
50 mg bd) were thought to be equipotent in terms 
of heart rate and blood pressure reduction,? and 
were considered to be the maximum doses likely 
to be acceptable to the patients. 

The ratios of anterior to inferior infarctions in the 
three treatment groups were: propranolol 5:1; 
atenolol 4:2; placebo 4:2. 

The volunteer men who acted as age-matched 
controls were all members of the ambulance 
service. None had any known cardiovascular or 
other illness and none was taking any drug. 

All the subjects gave their written consent to the 
investigation which was approved by the medical 
school ethical committee. 

Assessment of cardiovascular reflexes was carried 
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out in a temperature-controlled room set at 24°C, 
between 2.0 and 4.0 pm after a light lunch. All 
subjects rested quietly for 30 minutes before 
testing started and during that time chest leads 
were attached from which an electrocardiogram 
could be recorded and heart rate derived by feeding 
the signal into an instantaneous ratemeter (Devices 
Ltd.). Blood pressure was measured by sphygmo- 
manometry in the left arm and forearm blood flow 
was measured in the right arm by venous occlusion 
plethysmography, using a mercury-in-silastic strain 
gauge.’ Forearm vascular resistance was derived 
by dividing mean blood pressure (diastolic pressure 
+ one-third pulse pressure) by forearm blood flow. 

Blood pressure and forearm blood flow were 
measured every 15 seconds during the baseline 
periods, which lasted at least three minutes. The 
coefficients of variation for blood pressure and flow 
during the last minute before any particular 
manoeuvre being carried out were invariably less 
than 5 per cent in any individual. 

Cardiovascular reflexes were assessed using the 
following manoeuvres. 


(1) HEART RATE VARIABILITY DURING 

DEEP BREATHING 

Variation in RR interval during respiration (sinus 
arrhythmia) is dependent upon vagal efferent 
integrity, and is a reliable means of assessing it. 
The depth of respiration is not critical as long as the 
tidal volume is in excess of 40 per cent of the 
forced vital capacity, but the rate of breathing is 
important and was standardised at about six per 
minute.* Heart rate variability was measured as the 
mean difference between maximal and minimal 
heart rate during this manoeuvre, with subjects 
supine. 


(2) VALSALVA MANOEUVRE 

The subjects performed a Valsalva manoeuvre by 
blowing into a mouthpiece and holding a column 
of mercury at a height of 40 mm for 15 seconds. A 
side-arm air leak prevented them from supporting 
the column by occluding the mouthpiece. Heart 
rate was recorded continuously throughout the 


Table 2 Resting cardiovascular status and heart rate variability in groups studied 
Saneas 


Blood pressure (mmHg) 





Systolic Diastolic 
Control subjects 122 +60 79 +30 
Placebo group 125 +60 89 +50 
Propranolol group 110 +50 74 43-0 
Atenolol group 116 +60 78 £40 





Heart rate Variability 
(beats/min) {beats/min} 
T9 ETA 192 x3 
74 «9:2 148 225 
56 41:3* 1017 220 
60 x44* 142 135 


* p « 0-05 for difference between treated groups and control and placebo treated subjects, 
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manoeuvre, while blood pressure and forearm 
blood flow were recorded in the 15 seconds before 
and within 10 seconds after the manoeuvre. 


(3) LOWER BODY NEGATIVE PRESSURE 
Enclosure of the body of a supine subject, distal to 
the level of the iliac crests, in an airtight box 
permits the application of negative pressure to the 
enclosed parts; blood pools in the veins exposed to 
the negative pressure, and the resulting reduction 
in venous return is similar to that which occurs on 
moving from the supine to the upright posture.* 
The advantage of the technique is that it provides 
a means of assessing cardiovascular responses to a 
reduction in central blood volume without the 
subject moving and thereby interfering with the 
measurements. Subjects were exposed to increasing 
levels of lower body negative pressure ranging from 
5 to 40mmHg below atmospheric pressure for 
periods of one minute, with recovery periods of at 
least one minute between each. Heart rate was 
measured continuously and brachial arterial blood 
pressure and forearm blood flow were measured at 
15 second intervals. In each individual, values 
obtained in the 15 seconds immediately before 
negative pressure were compared with those 
measured during the last 15 seconds of negative 
pressure. 





Propranolol 





Controts 


Fig. 1 Cardiovascular responses to the Valsalva 
manoeuvre. The blocks represent the resting values of the 
variables measured ( HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; FVR, forearm 
vascular resistance), the arrows indicate the maximum 
(for HR, minimum also) values elicited by the 
manoeuvre, The common axis is for beats;min, mmHg, 
and arbitrary resistance units. 
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Table 3 Maximum change in cardiovascular variables 
wath lower body negative pressure at 40 mmHg 





Change in 

Change in Change in forearm vascular 
heart rate systolic blood resistance 

(beats/min) pressure f arbitrary units) 

(mmHg) 

Controls 18 +25 ~10 425 433 490-5 
Plecebo group 26220 ~24 45-0 “10 £44 
Propranolcl group 4230 -13245 +15 25-8 
Atənolol group 5:25 ~13 240 $32 495 





(4) PERFORMANCE OF A MENTAL TASK 
Performance of a mental task elicits an increase in 
heart rate and systemic arterial blood pressure 
which are sympathetically mediated. In the 
present test, subjects (sitting) were shown a series 
of cards on which were written the names of colours 
in inks of different colours (for example the name 
green written in red ink etc.). Subjects were asked 
the name of the colour or the colour of ink (Bennett 
and Fentem, unpublished observations), and the 
maximum heart rates and arterial blood pressures 
were compared during the test which lasted about 
ore minute. 

Results quoted in the text are mean values 
+SEM; differences between group values were 
compared by Student’s paired or unpaired t tests 
as appropriate. Slopes of regressions were compared 
by covariance analysis. 


Results 


The details of the patients and control subjects are 
shown in Table 1. Their supine resting blood 
pressures, heart rates, and heart rate variability 
during deep breathing are shown in Table 2. The 
resting heart rates in the patients treated with 
propranolol or atenolol were significantly lower 
than those of the controls or placebo-treated patients, 
bet there were no other significant differences. 


CGMPARISON OF CONTROL SUBJECTS WITH 
PLACEBO-TREATED POST-INFARCTION 
PATIENTS 

During the Valsalva manoeuvre, the control 
subjects showed a significantly (p<0-05) greater 
tachycardia than the patients, and after the man- 
oeavre their overshoot in systolic blood pressure 
and the accompanying bradycardia were more 
pronounced (p<0-05) (Fig. 1). The bradycardia 
relative to the pressure overshoot was similar, 
however, in control subjects and patients. The 
Valsalva manoeuvre elicited changes in diastolic 
blood pressure and forearm vascular resistance 
which were not significantly different in the control 
sudjects and patients (Fig. 1). 
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On exposure to lower body negative pressure the 
fall in systolic pressure was less and the increase in 
forearm vascular resistance was greater in the 
control subjects, but this difference did not achieve 
significance, probably because of the large intra- 
individual variation (Table 3). The post-infarction 
patients, however, showed a smaller rise in heart 
rate (p «0-05, Table 3), and examination of RR 
interval and systolic blood pressure during lower 
body negative pressure showed that there was a 
significant (p « 0:05) difference between the slopes 
for this relation in the control subjects and the 
patients (Fig. 2). 

The pressor response to mental stress was similar 
in control subjects and placebo-treated, post- 
infarction patients (Table 4), though the tachycardia 
was less (p « 0-05) in the latter group (Table 4). 
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Fig. 2 Regressions of RR interval on systolic blood 
pressure during lower body negative pressure (LBNP). 
For each level of LBNP, RR interval and systolic blood 
pressure were measured during the last 15 seconds of a 
one minute exposure. In the control subjects ( €) 
increasing levels of LBNP caused progressive falls in 
systolic blood pressure and shortening of RR intervals ; 
the slope of the regression (11-5 msimmHg) may be taken 
as an index of baroreflex sensitivity." The slope for the 
placebo-treated patients ©, 2-5 ms/mmHg) is significantly 
(p< 0-02) less than that of the control subjects but not 
different from that of the propranolol-treated ( (2, 

6:0 msimmHg) or atenolol-treated ( A, 5-0 msimmHg } 
patients. 
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Table 4 Maximum change in systemic arterial blood 
pressure and heart rate during performance of mental task 








Change in Change tn Change in 
systolic blood diastolic blood heart rate 
pressure pressure (beats/min } 
(mmHg) mmHg 

Controls 30 +15 

Placebo group 34 22-0 

Propranolol group t17 £25 

Atenolol group +22 427 








COMPARISON OF PLACEBO-TREATED AND 
BETA-ADRENOCEPTOR ANTAGONIST-TREATED 
POST-INFARCTION PATIENTS 

During the Valsalva manoeuvre the maximum 
heart rates seen in the propranolol-treated or 
atenolol-treated patients were significantly (p < 0-05) 
lower than in the placebo-treated patients, but this 
was entirely attributable to the differences in the 
resting state (Fig. 1), as were the differences in 
maximum systolic pressures seen after the 
manoeuvre. While the bradycardia after the 
manoeuvre was less (p « 0-05) in the propranolol- 
or atenolol-treated patients, the bradycardia relative 
to the pressure overshoot was similar in all groups 
of patients. The changes in diastolic blood pressure 
and forearm vascular resistance elicited by the 
Valsalva manoeuvre were not different in the three 
groups of patients (Fig. 1). 

The patterns of cardiovascular response to lower 
body negative pressure were similar in all three 
groups of patients (Table 3), and the slopes for 
the regressions of RR interval on systolic blood 
pressure during lower body negative pressure 
showed no significant differences between the 
placebo-treated and beta-adrenoceptor antagonist- 
treated patients (Fig. 2). 

The cardiovascular responses to mental stress 
were similar in all three groups of patients (Table 4). 


Discussion 


We studied asymptomatic patients who had sus- 
tained myocardial infarction more than a year 
previously. It is possible that patients with heart 
failure or other complications of the infarction 
would have shown different responses to our tests 
of autonomic nervous function. 

Under resting conditions the patients treated 
with placebo had similar heart rates and blood 
pressures to the healthy subjects. The tests of 
cardiac parasympathetic effects (heart rate varia- 
bility* and cardiac slowing relative to the pressure 
overshoot after the Valsalva manoeuvre"), showed 
no differences between these groups. Some tests of 
cardiovascular sympathetic effects, however, indi- 
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cated a relative reduction of activity in the post- 
infarction patients compared with healthy subjects. 
The patients showed less tachycardia during the 
Valsalva manoeuvre,'! during lower body negative 
pressure," and during performance of a mental 
task.^ In the patients there was also a smaller 
overshoot of blood pressure after the Valsalva 
manoeuvre, and there was a relatively greater fall 
in blood pressure and a smaller increase in peripheral 
vascular resistance in response to lower body 
negative pressure. All these changes are consistent 
with reduced sympathetic efferent effects, but as 
the pressor response to mental stress was intact, 
some sympathetic efferent pathways must have 
been normal in these patients. It is possible that 
the post-infarction patients had some abnormality 
on the afferent side of the reflex arc, but it is 
difficult to envisage a single abnormality that would 
account for the responses seen. It is, of course, by 
no means certain that the differences in sympathetic 
responses that we detected between the control 
subjects and the post-infarction patients were the 
results of the previous infarction. For example, it 
is quite possible that they were the result of different 
levels of habitual activity in the two groups. 

Long-term treatment with either a cardio- 
selective or a nonselective  beta-adrenoceptor 
antagonist had remarkably little effect on the results 
of our tests of autonomic function. Patients treated 
with propranolol or atenolol had significantly lower 
resting heart rates than patients treated with a 
placebo, a finding consistent with the known effects 
of these drugs. The reduction in the overshoot of 
systolic arterial pressure after the Valsalva man- 
oeuvre in these patients could be attributed to the 
effect of the drugs on cardiac output, as has been 
seen in subjects treated acutely.!! Performance of 
a mental task, however, elicited changes in heart 
rate and systolic arterial pressure which, as per- 
centages of the resting values, were similar to those 
seen in the placebo-treated patients. This may 
indicate that long-term treatment with beta- 
adrenoceptor antagonists does not attenuate the 
cardiovascular effects of cortical activation. 

Our findings show that several months after a 
myocardial infarction the parasympathetic innerva- 
tion of the heart functions normally, though the 
sympathetic innervation of the cardiovascular 
system has, for some reason, lesser effects than in 
normal subjects. There is nothing to suggest that 
patients who have had an infarction have overactive 
autonomic nervous systems that might prejudice 
their response to an infarction. The ‘autonomic 
imbalance" seen in acute myocardial infarction is 
therefore likely to be a result and not a cause of 
infarction. 
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it seems that long-term treatment with beta- 
ad-enoceptor antagonists does not have a distinct 
effect on cardiovascular reflexes in post-infarction 
patients. 


We are grateful to Dawn Lake for technical 
assistance, and to Professor P H Fentem for his 
criticism of the manuscript. 
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| Sometimes, 
hypertension resolves 
of its own accord 


The risk of sudden death is a constant 
companion for hypertensive patients who also have 
ischaemic heart disease. 

Indeed, sudden death is the first symptom of 
unsuspected coronary artery disease in as many as 
20% of cases,’ 

Sotazide is a new antihypertensive 
treatment whose qualities make it particularly 
suitable for long-term antihypertensive therapy. 

The beta-blocker component, sotalol, has an 
inherent long action which gives it round-the-clock 
antihypertensive and anti-arrhythmic activity on once 
daily dosage. In addition to reducing sympathetic 
drive, sotalol is uique in possessing class III anti- 
arrhythmic activity) ‘is particularly relevant in 
diminishing the risk Of ventricular fibrillation. 


In Sotazide, sotalol is paired with 
hydrochlorothiazide, probably the best known and 
most trusted of all the thiazide diuretics. The 
combination has been thoroughly documented?-* and 
its efficacy in treating hypertension on once-daily 
dosage has been amply confirmed. 


Neu once-daily 


Sctalol hydrochloride and 
Precise and predictable 
control of hypertension 





hydrochlorothiazide 


Step forward 
in the treatment of 
Angina. 
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Only surgery can adequately restore the 
underlying perfusion deficit in ischaemic 
heart disease. It is, of course, possible to 
lower myocardial work by reducing load 1 
or limiting rate or contractility, so that 
demand does not outstrip the limited 
supply of oxygen. 

There is, however, another more funda- 
mental option in the protection of the 
myocardium from the early consequences 
of ischaemia: that is to prevent calcium 
overload in the myocardial cell. 

Clinium* (lidoflazine) selectively blocks 
entry of excess calcium into the ischaemic 
myocardial cell; thus preserving normal 
contraction and relaxation. 

Cardiac output is maintained and with 
normal diastole, perfusion is maximised?* 
As aresult Clinium* alleviates anginal 
symptoms, while enabling a markedly 
increased level of 
exercise tolerance 
to be achieved by 
anginal patients? ^* 
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Cinium 


(lidoflazine) 


aselective calcium antagonist that 
protects the ischaemic myocardium. 
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Site and severity of coronary narrowing and 
infarct size in man 


MASATSUGU HORI, MICHITOSHI INOUE, NOBUHISA OHGITANI, 
KATSUHIKO TSUJIOKA, HIROSHI ABE, SJGAO FUKUI, TAKAZO MINAMINO 


From The First Department of Medicine, Division of Cardtology, Osaka University Medical School, 
and Sakurabashi W'atanabe Hospital 


SUMMARY The relation between the site and severity of coronary artery lesion and infarct size was 
investigated in 59 patients with acute myocardial infarction. All patients had no prior myocardial 
infarction and had at least one significant coronary narrowing (77 75?;) in one of the major coronary 
arteries or in the first diagonal branch. Left ventriculography and selective coronary arteriography 
were performed on average 2-2 months after the onset of infarction to identify the site and severity of 
coronary narrowing and to assess the extent of the non-contracting segment (akinetic, dyskinetic, or 
aneurysmal). Thirty-four of 59 patients were studied enzymatically and total CK released was taken 
as an indication of infarct size. 

Non-contracting segment and total CK released ia group L-I (narrowing proximal to the first 
diagonal branch) were significantly larger than those ia group L-II (a coronary lesion distal to the 
branch). The data also indicate that the perfusion area of :he first diagonal branch is as large as that of the 
left anterior descending artery below the first diagonal branch. In contrast to left anterior descending 
artery disease, the involvement of the right ventricular branch did not significantly influence the infarct 
size. However, infarct size was significantly larger in eight patients with the left ventricular branch 
of the right coronary artery supplying the predominantly large area of posterior wall of the left ventricle 
than in nine patients with small left ventricular branches It was also shown that the severity of coronary 
narrowing does not correlate with the infarct size in either left anterior descending or right coronary 
artery disease. 


Recently many attempts have been made to reduce 
the infarct size in patients with acute myocardial 
infarction since infarct size determines very largely 
‘the cardiac function and prognosis.'^? One of the 
major factors related to infarct size and cardiac 
performance, however, is the coronary artery 
involved as well as the site of the coronary 
lesions, both of which have been thought to 
influence the ischaemic area directly.'? Though 
the relation. between the site of the coronary 
Occlusion and the infarct size has been studied 
experimentally,* this relation in patients with acute 
myocardial infarction remains to be elucidated. 
Histologically assessed infarct size in postmortem 
studies does not reflect the infarct size in the acute 
phase; it may be modified during the postinfarction 
period, sometimes it may decrease during the 
healing process, and sometimes increase during 
Received for publication 31 December 1979 


clirically undetectable extension of ischaemia. In 
this study the relation between infarct size, which 
was assessed from the total CK released or from the 
extent of non-contracting segment in the left 
ventriculograms, and the site and severity of the 
coronary lesions which were evaluated by selective 
coronary arteriography undertaken within six 
moaths (average 2-2 months) after the onset of 
inferction, was investigated in 59 patients with acute 
myocardial infarction. 


Subjects and methods 


Seventy-one patients (average age 51-6 years) with 
acute primary myocardial infarction, who had left 
ventriculography and selective coronary arterio- 
graphy within six months of the attack, were studied. 
Four patients whose left ventriculograms were not 
suitable for quantitative evaluation of wall motion 
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Table 1 Involved coronary artery and infarct size in 59 patients with significant (>75%) coronary narrowing 





With non-contracting segment 





Infarct site and involved vessel 


Without non-contracting segment ^ 

















No. of Infarct site and involved vessel No. of 
patients patients 
Anterior myocardial infarction 30 Anterior myocardial infarction 
Left anterior descending group L- I 10 Left anterior descending 3 
group L-IIa 9 
group L-IIb 11 
Inferior myocardial infarction 19 Inferior myocardial infarction 
Right coronary artery group R-L 8 Right coronary artery 2 
group R-S 9 
Left circumflex 2 Left circumfiex 0 
Lateral myocardial infarction Lateral myocardial infarction 
First diagonal branch 2 First diagonal branch 3 
Total 51 Total 8 





and eight patients who had insignificant coronary 
narrowing (<75% in diameter) were excluded 
from this study (Table 2). The remaining 59 patients 
(52 men and seven women) with an average age of 
52-9 years, consisted of 33 with anterior infarction, 
21 with inferior infarction, and five with lateral 
infarction (Tables 1 and 3). In these 59 patients, 44 
had single vessel disease. In 15 patients with mul- 
tiple vessel disease, a coronary lesion whose location 
corresponded to the electrocardiographic changes in 
standard 12 leads, was studied in relation to the 
infarct size. Total CK released was obtained in 
34 of 59 patients as an indication of infarct size by 
the method of Sobel et ai.” modified by Norris et al.® 
Peripheral venous blood for CK determination was 
drawn every four hours for the first 24 hours and 
then at six-hourly intervals until serum CK activity 
returned to near normal levels.? The total CK 
released which directly reflects the infarct size was 
calculated as follows: 


Í ' gaat =EŅ +K Í ‘Raat 


where, E(t) represents the instantaneous serum CK 
activity after subtracting the individual basal serum 
CK activity and f(t) is the appearance rate of 
myocardial CK released from the injured myocar- 
dium into the circulation. The disappearance rate 
(K) was obtained individually from the terminal 
portion of the disappearance curve (E(t)) plotted 
semilogarithmically. 

All patients had left ventriculography and selec- 
tive coronary arteriography on average 2-2 months 
(one to six months) after the onset of infarction. 
Left ventriculography was performed after right 
and left cardiac catheterisation with premedication 
by intramuscular injection of hydroxyzine 25 mg. 
After the measurement of cardiac output by the 


Table 2 Infarct site in eight patients without significant 
coronary narrowing 





With non-contracting segment Without non-contracting segment 














Infarct site No. of Infarct site No. of 
patients patients 

Anterior myocardial Anterior myocardial 

infarction 2 infarction 1 
Inferior myocardial Inferior myocardial 

infarction 0 infarction 3 
Lateral myocardial Lateral myocardial 

infarction 9 infarction 2 
Total 2 Total 6 





dye dilution method, a 30° right anterior oblique 
(RAO) projection of the left ventriculogram or both 
RAO and left anterior oblique (LAO) projections 
were obtained by injection of 40 to 50 ml sodium 
diatrizoate (Urografin 76), with exposure of 60 
frames/s on 35 mm cine-film by Cardiodiagnost 
(Phillips Co). 
Ventricular wall motion was evaluated and 
classified according to the criteria of the American 
Heart Association!?: hypokinesis (reduced), akinesis 
(none), dyskinesis, and aneurysm of left ventricle. 
The segment of abnormal contraction was also 
expressed according to this classification: region 
1 to 5 in RAO projection and region 6 to 7 in LAO 
projection. In order to identify the akinetic, 
dyskinetic, and aneurysmal segment, end-diastolic 


Table 3 Number of involved coronary arteries in 59 
patients with significant (> 75%) narrowing 





Myocardial infarction 











Anterior Inferior Lateral 
Single vessel disease 29 13 2 
Double vessel disease 4 6 3 
Triple vessel disease 0 2 0 
Total 33 21 5 





Location of coronary narrowing and infarct size 


and end-systolic silhouettes of the left ventricular 
chamber for a single beat were superimposed and 
the ratio of the extent of the non-contracting 
segment (akinetic, dyskinetic, or aneurysmal seg- 
ment) of the ventricle to the total end-diastolic 
circumference was calculated as the non-contracting 
segment! (see Fig. 1). In patients who had left 
ventriculography in two projections (RAO and 
LAO), the non-contracting segment was calculated 
as a mean value on these two projections. Segment 





akinetic, dyskinetic or aneurysmal 
length of end-diastolic circumference 
NCS= eM x100 
total end- diastolic circumference 





Fig. 1 
segment. 


Measurement of the extent of the non-contracting 


of hypokinesis was not included in the non- 
contracting segment because the extent of this 
disorder of movement cannot be quantitatively 
assessed. 

Ten patients who had a significant (77594 in 
diameter) narrowing proximal to the first diagonal 
branch and also had a non-contracting segment in 
the anterior wall or apical portion of the left 
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ventricle were included in group L-I. Twenty 
patients who had the non-contracting segment in 
the anterior wall or apical portion but showed a 
significant narrowing distal to the first diagonal 
branch were included in group L-II. The latter 
group was further divided into two groups: group 
L-Ila (nine patients) with the coronary lesion 
between the origin of the first diagonal branch 
(DX) and that of the first septal branch (S,), and 
group L-IIb (11 patients) with the lesion distal to 
the position of the first septal branch (see Table 1 
and Fig. 2). 

In right coronary artery disease nine patients with 
the narrowing proximal to the right ventricular 
branch (RV in Fig. 2) were included in group R~I, 
and eight patients with the coronary lesion in the 
distel portion below the right ventricular branch 
were classified as group R-II. Moreover, these 17 
patients with right coronary artery disease were 
divided into two groups according to the relative 
size of area in the posterior wall of the left ventricle 
supplied by the right coronary artery. Group R-L 
included eight patients where the posterior wall of 
the left ventricle was predominantly (more than 
two-thirds of the area) supplied by the left ventri- 
cular branch of the right coronary artery and the 
posterolateral branch of the left circumflex artery 
was small or rudimentary. One patient with a large 
posterior descending branch distributed to the 
apical area of the left ventricle was also included in 
this group. Group R-S included nine patients with a 
smail left ventricular branch which perfused less 
thar. two-thirds of the posterior wall. 

In this series, 19 of 21 patients with inferior 
infarction had significant narrowing in the right 
corcnary artery, all of them showing a predominant 


LAD (RAO) 
LMT Proximal Group L-a 
Coronary arteriogram (E x Distal 





RCA (LAO) 


: f PD 


—MM 
AMA 





,j CB 





| Group R-I 











Fig. 2 Location of the coronary 

lesion and classification of groups. 
Proximal is group L-I; and distal 
is group R-II. 
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Table 4 Values in six patients with single lesion in first diagonal branch (lateral infarction) 











Case no. Age (y) Sex Coronary arteriogram findings (95) 
1 54 M Left anterior descending 50 
First diagonal branch 50 
2 45 M First diagonal branch 99 
3 55 F First diagonal branch 75 
4 42 M First diagonal branch 100 
5 54 F First diagonal branch — 100 
6 62 M First diagonal branch 100 
Left circumflex 90 





Abnormal motion of ventricular Total CK Non-contracting 
wall (IU[ml) segment (96) 
Hypokinesis 2, 3 691 — 

Hypokinesis 2, 3 — — 

Hypokinesis 2, 7 333 -— 

Hypokinesis 2 — — 

Dyskinesis 2, 3 771 19:2 

Dyskinesis 2, 3 956 17-7 
Hypokinesis 7 





right coronary artery. The remaining two patients 
had an occlusion in the left circumflex artery. Five 
patients had significant narrowing in the first 
diagnonal branch and all of them had lateral 
infarction (Tables 1 and 4). One patient with less 
than 75 per cent coronary narrowing but with a 
hypokinetic segment in regions 2 and 3 is also 
included in the lateral infarction group (Table 4). 


Results 


(1) LOCATION AND SEVERITY OF CORONARY 
NARROWING IN LEFT CORONARY ARTERY 


"AND INFARCT SIZE 


All 33 patients with significant narrowing in the 
left anterior descending artery showed impaired 
wall motion in the anterior wall or apex of the left 
ventricle and 30 of these patients showed akinesis, 
dyskinesis, or aneurysm of the anterior wall. Mean 
non-contracting segment in groups L-I, L-IIa, 
and L-IIb were 35-7 4-1:3, 26:4 --3-0, and 21-4 +2-7 
per cent, respectively, indicating that the extent of 
infarction in group L-I is significantly larger than 
in groups L-1IIa and L-IIb (p «0-01, see Table 5). 
These groups showed insignificant differences in 
age and the incidence of collaterals, suggesting that 
the difference in the extent of the non-contracting 
segment is primarily the result of the difference in 
the site of the coronary lesion. The total CK 
released also showed that the infarct size in group 
L-I (total CK 1510--1901U/ml n=7) was 
significantly larger (p«0-01) than that in group 





L-Ila (total CK 765 .£50-4 IU/ml, n=5), or in 
group L-IIb (total CK 841+49-5 IU/ml, n=4), 
though there was no difference in infarct size 
between groups L—IIa and L-IIb. These results 
suggest that a coronary lesion proximal to the first 
diagonal branch causes a large infarct and that 
involvement of the first septal branch may not 
primarily influence the infarct size. Fig. 3 and 4 
show the difference in the extent of the non- 
contracting segment and the total CK released 
between groups L-I and L~II. These figures show 
the significant difference (p« 0-01) in infarct size 
between those with and those without involvement 
of the first diagonal branch; the mean total CK 
released in patients with a coronary lesion proximal 
to the first diagonal branch is approximately twice 
as great as that in patients with distal coronary 
lesions in the left anterior descending artery. This 
indicates that the size of the perfusion area of the 
first diagonal branch is almost similar to that of the 
left anterior descending artery distal to the first 
diagonal branch. 

Six patients had narrowing only in the first 
diagonal branch (Table 4), including one patient 
(case 1) who was excluded from the statistical 
analysis because of the absence of significant 
coronary narrowing (>75%). All had lateral in- 
farction and four patients showed hypokinesis in 
region 2, while the remaining two had dyskinetic 
movement in the same region. The extent of the 
non-contracting segments in these two patients was 
19-2 and 17-7 per cent and the mean total CK 


Table 5 Location of coronary lesion in left anterior descending artery and infarct size (mean +SE) 





Incidence of 


Non-contracting (%) 








Group No. of Mean age collateral Total CK (IU[ml) 
patients (y) (99) RAO RAO -LAO 

L-I 10 53-8 40 35-7 +13 36-8 222 1510 +190 

* (n—7) }* m= * 
L-1la 9 53-0 56 26-4 +3°0 288 43-5 765 +504 

* (n—8) * (n=5) * 

NS j NS NS 

L~IIb 11 51:0 36 2L:4 +427 23:8 2345 841 x49:5 
(n=6) (n=4) 





*p<0-01. 
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released obtained in four patients studied was 
688 IU/ml, which was nearly equal to the difference 
(711 IU/ml) in the mean total CK released in 
group L-I and L-II; this confirms the result above 
that the size of the perfusion area of the first 
diagonal branch is as large as that of the distal left 
anterior descending artery. 
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Fig. 3 Location of the coronary lesion in the left 
anterior descending artery and the extent of the non- 
contracting segment ( NCS). Group L-I includes the 
patients with a significant (> 7395) narrowing proximal 
to the first diagonal branch and group L—11 includes the 
patients with a coronary lesion (; 7595) distal to this 
branch. 
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Fig. 4 Location of the coronary lesion in the left 
anterior descending artery and the total CK released 
( XCK). (Groups L-I and L-II are the same as those 
in Fig. 3.) 
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In two patients with a significant lesion in the left 
circumflex artery, one had the balanced type of 
coronary distribution and the other had a predomin« 
ant left coronary artery. In the former patient the 
extent of the non-contracting segment was 30-2 
per cent and total CK was 976 IU/ml, and the 
latter had hypokinesis in region 2 with a total CK 
of 884 IU;ml. 

Fig 5 depicts the relation between the severity of 
coronary narrowing and the extent of the non- 
contracting segment in each of the groups L-I and 
L-II. It shows no significant difference in the 
extent of infarction resulting from the difference in 
the severity of narrowing. 


(2) LOCATION AND SEVERITY OF 
NARROWING IN RIGHT CORONARY ARTERY 
AND INFARCT SIZE 

The non-contracting segment (akinesis, dyskinesis, 
or aneurysm) was observed in 17 of 19 patients 
with significant narrowing in the right coronary 
artery. The mean non-contracting segments in 
group R-I (proximal) and R-II (distal) were 
204—211 per cent and 23.7.31 per cent, 
respectively (Fig. 6). The mean total CK in these 
two groups also showed no significant difference: 
1238 -59-3 IU/ml in group R-1 and 1070 +104 IU: 
ml in group R-II (Table 6). These results suggest 
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Fig.5 Severity of coronary narrowing and extent of 
the non-contracting segment (NCS). (Groups L-I and 
L-II are the same as in Fig. 3.) 
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Table 6 Location of coronary lesion in right coronary artery and infarct size (mean +SE) 





Non-contracting segment (%) 


Group No. of 


patients 


Mean age Incidence of 
. (9) collateral (%) 





RAO 


Total CK (IU[ml) 
RAO--LAO 





R-I 9 5r8 78 


R-N 8 56:9 75 


20:4 x21 
NS 
2377 £31 


189421). 
@=) bys 


1238 +593 
(079 ius 
238 44-6 
(n5) 


1070 +104 
(n7) 





that infarct size is not influenced by involvement 
of the right ventricular branch which is the main 
branch of the right coronary artery. The mean non- 
contracting segments and total CK in group R-L 
(where the left ventricular branch predominantly 
perfuses the posterior wall of the left ventricle), 
however, were 27-6 per cent and 1297 IU/ml, 
respectively, which are significantly larger than 
_ those in group R-S (where only a minor part of 
the posterior wall is perfused by the left ventricular 
branch of the right coronary artery): 18-2 per cent 
for the mean non-contracting segment and 920 
IU/ml for the mean total CK (Fig. 7). This indicates 
that the size of the perfusion area of the right 
coronary artery in the left ventricle mainly deter- 
mines the infarct size in patients with right coronary 
artery disease. 
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Fig. 6 Location of the lesion in the right coronary 
artery and the extent of the non-contracting segment 
(NCS). In group R-I the narrowing of the right 
coronary artery is proximal to the right ventricular 
branch and in group R-II distal to the right ventricular 
branch. 
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Fig. 7 Distribution area of the right coronary artery 
and infarct size (NCS and XCK). The patients in 

group R—L had the large left ventricular branch of the 
right coronary artery supplying the predominantly large 
area of the posterior wall of the left ventricle. The 
patients in group R—S had a minor left ventricular branch 
which supplied less than one-third of the posterior area 

of the left ventricle. 


Fig. 8 shows the relation between the severity of 
coronary narrowing and the extent of the non- 
contracting segment. There was no significant 
difference in the mean non-contracting segment 
between the patients with subtotal or complete 
occlusion in the right coronary artery. As shown in 
the case of the left anterior descending artery, the 
severity of narrowing in the right coronary artery 
did not influence the infarct size. 


(3) LOCATION OF CORONARY LESION AND 
CARDIAG FUNCTION 

Table 7 shows the pertinent haemodynamic 
indices in patients with significant narrowing in the 
left anterior descending artery (group L-I and 
L-II) and the right coronary artery (groups R-L 
and R-S). In 30 patients with left anterior descend- 





Location of coronary narrowing and infarct size 





| : 
401 
| 
| 
30 4 
i 
NCS (*/,) 3 I * 
jl 
20 " ; 
NS 
e 
10 : 
Qulcencmu ne. oou nie 
75-98 | 99-100 C4) 


Narrowing of RCA 


Fig. 8 Severity of coronary narrowing in the right 
coronary artery and the extent of the non-contracting 
segment ( NCS). 


ing artery disease, the mean ejection fractions in 
group L-I (proximal) and L-II (middle and distal) 
were 32-1 43-1 and 46:8 2-1 per cent, respectively. 
Though the cardiac index showed no significant 
difference between the two groups, the left ventri- 
cular end-diastolic volume was significantly larger 
in group L-I, suggesting that the cardiac index was 
compensated by the Starling mechanism because 
the heart rate in these groups did not show a 
significant difference (group L-I: 78:8 -49 beats/ 
min; group L-II: 7200—44 beats/min). This 
haemodynamic compensation by the Starling 
mechanism was also seen in groups R-L and R-S 
with right coronary artery disease (see also Table 7). 
Only left ventricular end-diastolic volume showed a 
significant (p<0-01) difference between groups 
R-L and R-S, while the ejection fraction, cardiac 
index, and heart rate showed no significant differ- 
ence between these two groups. 
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Discussion 


The present study shows that the site of the 
coronary lesion in the left anterior descending 
artery is the major determinant of infarct size, and 
that involvement of the first diagonal branch 
resalts in a large infarction. In contrast to the left 
anterior descending artery, in right coronary artery 
diszase the variation of the perfusion area of the 
rigat coronary artery in the posterior wall of the 
left ventricle was shown to be a major determining 
faczor of infarct size, and the involvement of the 
rigat ventricular branch did not significantly 
infuence the extent of infarction. It was also shown 
that the severity of coronary narrowing assessed by 
coronary arteriography does not correlate with the 
infarct size both in left anterior descending artery 
and right coronary artery disease. 

Although the close relation of the involved major 
coronary artery to the site of the myocardial lesion 
has been well established, ? the size of the 
perfusion area of its branches remains to be 
elucidated. Fulton, and Mitchell and Schwartz'* 
described the pathological features of coronary 
arteries associated with large or small infarcts. 
Some previous investigators also reported the rela- 
tive size of the myocardial mass perfused by each 
of the major coronary arteries in the heart at 
necropsy. ®t Infarct size, however, may be 
mcdified by many factors such as haemodynamic 
conditions, clinical interventions, presence of 
collaterals before myocardial infarction, and the 
tolerance of the myocardium to ischaemia.” There- 
fore, the relation of infarct size and the site of the 
coronary lesion should preferably be investigated 
clinically. We considered the significant ( 4 75^,) 
coronary narrowing, which corresponded to the 
infarct site judged from the electrocardiographic 
changes in standard 12-leads, as the cause of the 
infarction. This assumption is acceptable because 
narrowing of more than 75 per cent was observed 
in coronary arteriograms of almost all patients with 
acute myocardial infarction!’ !* and the site of the 


Table 7 Cardiac function in patients with left anterior descending artery disease and right coronary artery disease 


(mean +SE) 
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Group Ejection fraction (95) 

Lact 2:8 40:3 1 
NS 

L-H 22202 | 

R-L 2-6 20-2 ) 
+NS 

R-S 24203 | 





Cardiac index {Emin ter m?) 


Left ventricular end-diastolic 
volume (mlim?) Heart rate/ min 


143 4118 ] 788 «49 ) 

»* "NS 
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*p«O001. 
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maximal stenosis or occlusion of the coronary 
artery had also been reported to correspond to the 
infarct site.?? 

In this study the figures for mean total CK 
released in patients with proximal left anterior 
descending artery disease, left circumflex disease, 
and right coronary artery disease were 1510, 930, 
and 1131 IU/ml, and their relative percentages were 
42-2, 26:0, and 31-7, respectively. Kalbfleisch. and 
Hort" reported that the relative perfusion areas of 
these three coronary arteries in the human heart 
were 41:5 per cent left anterior descending, 22-3 
per cent left circumflex, and 36-2 per cent right 
coronary artery. These values are similar to those 
of the present study described above. The infarct 
size in right coronary artery disease may be smaller, 
however, than the perfusion area of the right 
coronary artery because right ventricular infarction 
is much less frequent than left ventricular infarction 
by right coronary artery involvement. This may 
account for the smaller value (31-795) of relative 
total CK in right coronary artery disease in this 
study than the 36-2 per cent of Kalbfleisch’s data. 
Ahmed et al." also reported that the perfusion area 
of the left coronary artery was almost equal to that 
of the right coronary artery, confirming our results 
obtained in clinical study. 

In this study also the involvement of the first 
diagonal branch was found to influence directly the 
extent of the non-contracting segment. Since the 
extent of the non-contracting segment represents the 
ratio of the segment length of the non-contracting 
portion to the circumference of the left ventricle, 
the relative area of the non-contracting portion 
should be represented by the squared value of the 
non-contracting segment. The ratio of the non- 
contracting area (squared non-contracting segment) 
in group L-I (with the lesion proximal to the first 
diagonal branch) to that in group L-II (with the 
lesion distal to the first diagonal branch) was 
1-0:0-46. This indicates that the perfusion area of 
the first diagonal branch is as large as that of the 
distal portion of the left anterior descending artery 
below the first diagonal branch. On the other hand, 
the mean total CK released in patients with only 
left circumflex artery disease was 688 +113 IU/ml, 
which is also as large as the mean total CK (799 + 
38 IU/ml) in group L~II with distal left anterior 
descending lesion. These results strongly suggest 
that the first diagonal branch has a substantially 
large perfusion area in the left ventricle. Mullen 
et al. also emphasised the great contribution of 
the first diagonal branch to the formation of 
ventricular aneurysm which often accompanied a 
large infarction. In contrast to the first diagonal 
branch, the contribution of the first septal branch 
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to the infarct size was thought to be small. It has 
been believed that the septal branch supplies blood 
only to the anterior half of the interventricular 
septum, and, therefore,.a single lesion in the left 
anterior descending artery with complete necrosis 
of the septal wall is rare.?* In this study most of 
the patients with the coronary lesion proximal to 
the septal branch have no other coronary lesions, 
and this may account for the lower contribution of 
the first septal branch to infarct size. 

In contrast to left anterior descending disease, 
the infarct size in right coronary artery disease was 


‘not directly dependent upon whether the major 


branch, that is the right ventricular branch, was 
involved or not, but it was greatly influenced by the 
distribution balance of the right coronary artery 
and left circumflex artery in the posterior wall of 
the left ventricle. Kalbfleisch and Hort! also 
pointed out the great variation in size of the area 
perfused by the right coronary artery, ranging from 
16-4 to 46-4 per cent of the total area, depending: 
upon the predominance of vascular distribution, 
that is left coronary or right coronary artery type. 
In this series the patients in group R-L with a 
large left ventricular branch of the right coronary 
artery had the larger infarct (non-contracting 
segment: 27:695, total CK: 1297 IU/ml) than 
those in group R-S with a large posterolateral 
branch of the left circumflex (non-contracting 
segment: 18-295, total CK 920 IU/ml). Contrary ` 
to this, the site of the coronary lesion in the right 
coronary artery did not influence infarct size and 
nor did involvement of the right ventricular branch; 
this indicates indirectly that right ventricular 
infarction is much less frequent than left ventricular 
infarction. Though the relation between the site of 
the coronary lesion and infarct size was elucidated 
in this study, it should be noted that the perfusion 
area may be different from the infarct size. Schaper 
et al. described the perfusion area as being usually 
larger than the infarct area because of the collateral 
flow supplying the surrounding area of the infarc- 
tion. In our series, however, it seems likely that 
the collaterals do not influence the infarct size 
because there were no significant differences in 
the incidence of collaterals between groups L-I 
and L-II, and also between groups R-L and R-S. 
As one can estimate from the significant differ- 
ence in infarct size between groups L-I and L-II, 
the ejection fraction was significantly smaller in 
group L-I than in group L-II. Cardiac index, 
however, was not reduced in group L-I; it may 
be a result of the compensatory mechanism of the 
Starling effect since left ventricular end-diastolic 
volume was larger in group L-I than in group L-II, 
while heart rate was similar in these two groups 
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(Table 7). On the other hand, in right coronary 
artery disease the ejection fraction in groups R-L 
and R-S showed no significant difference though 
infarct size in group R-L was significantly larger 
than that in group R-S. This paradoxical finding 
is probably a result of the smaller contribution of 
the inferior wall than of the anterior wall to the 
left ventricular pump function. ™ 

There was no correlation between the severity 
of coronary narrowing and infarct size. This result 
is compatible with the previously reported results 
in patients with acute myocardial infarction" 
though the cross-sectioned area of the coronary 
artery without any coronary lesions closely corre- 
lates with the perfusion area.'**4 Taking the 
secondary thrombosis after the infarction and the re- 
canalisation of coronary occlusion into account, 
there may be no correlation between the severity 
of coronary narrowing and infarct size. The relation 
between the results on the site of the coronary 
lesion and infarct size shown in this study, however, 
should be of clinical importance in evaluating the 
therapeutic interventions and also in estimating 
prognosis for the patients. 


The authors are grateful to Dr Frank A Brown for 
assistance in preparation of this manuscript. 
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young diabetics 
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SUMMARY Systolic and diastolic time intervals were used to examine left ventricular performance in 
22 young diabetic men (mean age 25 years) with no apparent clinical heart disease. Pre-ejection period 
index (PEPI), left ventricular ejection time index (LVETI), electromechanical systole index (QS,]), 
PEP to LVET ratio, the a wave percentage amplitude of the apexcardiogram (a/H% ratio), the rapid 
filling wave (RFW), and the A,O interval were obtained in the conventional manner in 22 diabetics 
and 22 healthy men. The heart rate, diastolic pressure, PEP/LVET ratio, a/H per cent ratio, and A,O 
interval were significantly increased and LVET decreased in the diabetic group. QS,I, PEPI, and 
RFW did not differ from that in the normal group. Twenty-three per cent of patients had an abnormal 
systolic time interval, 54 per cent an abnormal diastolic time interval, and 23 per cent had both abnormal 
intervals. Though these studies provide no definite evidence of a cause, the abnormalities found may 


reflect a subclinical diabetic cardiopathy. 


Cardiac disease has been found to be one of the 
major complications of diabetes mellitus and for 
many years was attributed to coronary athero- 
sclerosis. Recently the terms diabetic cardiopathy 
and diabetic cardiomyopathy have appeared in 
medical publications.| These terms imply the 
existence of a specific diabetic heart disease, a new 
nosological entity that has been growing out of 
several studies performed during the last few years 
by research workers in diabetes. The assessment of 
left ventricular function as an index of potential 
myocardial involvement in diabetic patients with- 
out clinical evidence of myocardial ischaemia or 
other cardiovascular abnormalities has become 
increasingly important.? This study was under- 
taken to investigate ventricular function as a mea- 
sure of potential myocardial involvement in young 
patients with diabetes mellitus. Non-invasive mea- 
surement of the systolic and diastolic time intervals 
provide a reasonable correlation with more direct 
measures of cardiac performance in the absence of 
complicating lesions such as valvular or pulmonary 
disease.? * 


Subjects and methods 
The function of the left ventricular myocardium 


was evaluated in 22 diabetic men ranging in age 
Received for publication 8 January 1980 
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from 20 to 29 years with no apparent clinical heart 
disease. Subjects were selected who were ambula- 
tory clinic patients or who had recovered at least 
one week previously from an episode of keto- 
acidosis that required admission to hospital. All 
patients had normal blood pressure, were in sinus 
rhythm, and had no x-ray film evidence of cardiac 
abnormality. However, five patients had signs of 
left atrial enlargement in their electrocardiograms. 
Three patients had non-proliferative retinopathy, 
but none had renal or neurological complications. 
Each subject was carefully interviewed to exclude 
from the study subjects with a history of chronic 
alcoholism. Details of the mean duration of their 
diabetic status, treatment, blood pressure, and 
heart rate are listed in Table 1. On the basis of 
the duration of treatment the diabetic patients 
were divided into two groups (see Table 3), 
Group 1: the duration of treatment from three 
months to five years; group 2: the duration of 
treatment from five years to 16 years. Twenty-two 
healthy men (mean age 24 years) served as a control 
group. 

Simultaneous electrocardiogram (lead IT), phono- 
cardiogram from the third left intercostal space 
parasternally, a carotid pulse tracing, or apex- 
cardiogram were recorded during the resting 
period preceding the measurement of resting blood 
pressure. The carotid pulse tracing was recorded 
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Table 1 Clinical data of diabetic and healthy men 














No. Age (y) Heart rate/ min Pressure (mmHg) Duration of 
EMPIRE EO WITH ee oer treatment 
Systolic Diastolic fy} 
Control group 22 24-2 60-1 122-5 76:5 
+37 +64 x85 +43 
Diabetic group 22 252 70-6 126:6 813 50 
£35 +108 +93 +63 47 
p vs. normal subjects NS 0-001 NS 0-01 — 





NS, not significant (p < 0:05). Listed are mean values + SD. 


in the supine position and the apexcardiogram in 
the left lateral position, both during relaxed 
expiratory apnoea. All the curves were recorded on 
a direct writing 8-channel mingograph (EM 
82. Siemens Elema AB, Sweden). A pulse/phono 
transducer 860, with time constant 4-5 s was used. 
The paper speed was 50 mm/s for the electro- 
cardiogram and 100 mm/s for the other tracing. 
The apexcardiogram contributed to three of the 
variables in this study (diastolic time intervals): the 
a/H per cent ratio, that is the a wave percentage 
amplitude of the total deflection (H) of the apex- 
cardiogram, the A,O interval, that is the interval 
between the aortic component of the second sound 
and the O-point of the apex curve; the rapid filling 
wave (REW) was measured from its beginning (O- 
point) to the site where the contour deviated toward 
the horizontal line. Total electromechanical systole 
(QS,) was measured from the onset of the QRS 
complex of the electrocardiogram to the high- 
frequency component of the second heart sound. 
Left ventricular ejection time (LVET) was mea- 
sured from the beginning of the rapid upstroke of 
the carotid pulse to the nadir of the incisura. The 
pre-ejection phase was derived by subtracting the 
left ventricular ejection time from QS,. The 
measurements on 10 consecutive beats were deter- 
mined to the nearest 5ms and then averaged. 
Indices of systolic time intervals (QS,I, LVETI, 


and PEPI) were derived from the actual measured 
intervals by applying the regression equation.® 
Resting blood pressure was measured after the 
non-invasive examination after approximately half 
an hour's rest; casual blood pressure was measured 
in the seated position with a mercury manometer 
and a stethoscope. 

Statistical analyses of the results were made by 
Stucent’s t test. 


Resalts 


Diabetic patients had slightly higher levels of heart 
rate (p<0-001) and arterial diastolic pressure 
(p<d01) that were significantly different from 
normal subjects, but within the normal range 
(Table 1). The abnormalities of systolic time 
intervals in the diabetic subjects included a shorter 
LVETI and an increase in the ratio of PEP to 
LVET (Table 2) compared with that in the healthy 
men. Both QS,I and PEPI were of similar duration 
to that in the control group. The mean values for 
the A.O interval and the a/H per cent ratio were 
significantly higher in diabetic patients. The rapid 
filling wave in diabetics did not differ from that 
in the normal subjects. We did not find any cor- 
relations between systolic time intervals or diastolic 
time intervals and diastolic pressure in the control 
and diabetic groups. The mean values =-2SD in 


Table 2 Systolic and diastolic time intervals in diabetic and normal subjects (ms) 





No. LVETI PEPI 
Normal group 22 397-6 117-7 
i123 x12: 
Diabetic group 22 388-5 124.9 
+143 +138 

p vs. normal subjects 0-05 NS 





QS PEPILVET 4,0 REW aH 
per cent 

5162 0-31 106-9 70-5 85 

£162 +005 +75 +138 +38 

5167 0-35 121-1 715 115 

+158 +005 +£18-9 48-5 i40 

NS 0-05 0:01 NS 0-02 


sere tr ARETE MH tte RA A RC RE 


Listed are mean values + SD 


LVETI, left ventricular ejection time index; PEPI, pre-ejection period index QS,L electromechanical systole index; A,O interval 
between aortic component of second sound and O-point of the apex cardiogrem; RFW, rapid filling wave; a/H, ratio of a wave amplitude 


to maximum deflection of the apex cardiogram. 
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Table 3 Systolic and diastolic time intervals in diabetics with different duration of treatment 











d QS LVETI PEPI PEPILVET 4.0 RFW a]H 7 
i; g per cent 
Group 1 512-0 389-8 128-8 0-33 115-4 70-9 12-7 
no. 12 +82 +119 +135 +0-04 +165 i79 +43 
Group 2 509-9 381-4 123-2 0-36 123-4 72:2 97 
no. 10 +184 12:3 +122 :0-05 +19-9 +82 2:9 
NS NS NS NS NS NS NS 





Listed are mean values x: SD. 
For abbreviations see Table 2. 


the healthy young men were taken as the normal 
range for each of the indices. Five diabetics (23%) 
had at least one abnormal systolic time interval, 
and 12 (54%) patients had at least one abnormal 
diastolic time interval. Five patients (23%) had 
both abnormal systolic and diastolic time intervals. 
There were no differences in the systolic or dia- 
stolic indices in the two diabetic groups between 
treatment of long or short-term duration (Table 3). 
Three patients with retinopathy had at least one 
abnormal systolic or diastolic time interval. Two 
patients with left atrial enlargement on the electro- 
cardiogram had an abnormal a/H per cent ratio. 
There was no association between the quality of 
previous diabetic control and the abnormalities in 
the systolic or diastolic time intervals. 


Discussion 


A group of young asymptomatic diabetic patients 
was selected to evaluate myocardial performance in 
diabetics without overt cardiac disease. Until 
recently there have been only a few exact studies 
of cardiac function in diabetes mellitus. Most of 
the results available were obtained with the systolic 
time intervals technique.*7 Our study shows a 
significant shortening of the left ventricular ejection 
time index (p « 0-05) and an increase in the ratio 
between PEP and LVET (p « 0:05) in the diabetic 
young men. Though a shorter left ventricular 
ejection time (LVET) and a higher PEP/LVET 
ratio is characteristic of the failing heart, 8 the 
moderate abnormalities of these indices in our 
diabetic patients may not be exclusively related to 
an abnormality of myocardial contractility. That 
altered preload may at least contribute to, if not 
constitute the major determinants of, this pre- 
clinical abnormality is suggested by the signifi- 
cantly higher a/H per cent ratio in the diabetic 
group.? Good correlation has been shown between 
the relative magnitude of the a wave and an index 
of the left ventricular distensibility?’ or the left 
ventricular end-diastolic pressure.? The interval 


between the aortic component of the second heart 
sound and the O-point in the apexcardiogram 
(A,O) was longer in diabetic patients (p < 0-01). 
Signs of reduced distensibility of the left ventricle 
were not in parallel with prolongation of the A,O 
interval (only one patient with abnormal A,O 
interval had abnormal a/H per cent ratio) so that this 
cannot be the main cause of the prolonged A,O 
interval. The prolongation of the A,O interval 
could not be explained by differences in heart rate 
or diastolic pressure (both higher in the diabetic 
group) since there was no correlation between the 
A,O interval and heart rate or diastolic pressure in 
the control and diabetic groups. Manolas and 
Rutishauser* showed that the A,O interval was 
closely correlated with internally measured indices 
of relaxation and less closely but still significantly 
with isovolumic contractile indices and ejection 
fraction in patients with nonobstructive cardio- 
myopathy. Wikstrand'! suggested that impaired 
interrelation between the intensity of the contrac- 
tile state and the velocity of relaxation may prolong 
relaxation of the heart and the A,O interval. Further 
studies are required to elucidate the reasons for 
this prolongation of the A,O interval in diabetic 
patients. We have found an abnormal systolic time 
interval in 10 young diabetics and an abnormal 
diastolic time interval in 17 diabetic patients. Thus, 
when impairment of left ventricular function is 
studied at an early stage, interest should be con- 
centrated not only on systole, but also on diastole. 
Recently Sanderson et al.,!? using echocardiography, 
reported abnormalities of diastolic function in 17 
of 23 young diabetics, most of them with retino- 
pathy. Five of our diabetics had signs of left atrial 
enlargement in their electrocardiograms, two of 
whom had an abnormal a/H per cent ratio. However, 
Zoneraich et al.? suggested that the P wave 
abnormalities in diabetics were the result of intra- 
atrial conduction disturbances or of intra-atrial 
block and rarely of left atrial enlargement. 

It is unlikely that all the abnormalities seen in 
our study were a result of premature coronary 
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artery disease’ in view of the youth of our patients 
(mean age 25 years), lack of symptoms, and different 
patterns of abnormal systolic or diastolic time 
intervals. Clearly a spectrum of abnormalities is 
possible? and our results may reflect an inter- 
action between diabetic small-vessel cardiomyo- 
pathy, premature onset of coronary artery disease, 
and diabetic neuropathy.'? Further studies are 
needed in order to be able to interpret the signifi- 
cance of the various findings in the diabetic patients. 


We are indebted to Professor Barbara Krupa- 
Wojciechowska for her criticism and suggestions. 
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Serial measurements of left ventricular dimensions 


by echocardiography 


Assessment of week-to-week, 


inter- and intraobserver 


variability in normal subjects and patients with 


valvular heart disease 
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SUMMARY The week-to-week, inter- and intraobserver variation in left ventricular echocardiographic 
measurements bas been studied in 10 normal male volunteers and in five patients with stable valvular 
disease. À two-way analysis of variance showed no statistically significant variation either from week 
to week or between observers. Furthermore the within observer variation was minimal. Calculation 
of the coefficient of variation allowed confidence limits to be applied to each of the six ventricular 
measurements, thus providing ranges of variation in follow-up studies using M-mode echocardiography. 


The development of M-mode echocardiography has 
allowed much useful information to be obtained 
about left ventricular structure and function both 
in health and disease. One application of echo- 
cardiography in this regard is in sequential studies 
to assess the progression or regression of a disease 
process or the effect of pharmacological interven- 
tion. It is therefore important to establish the 
degree of variation among echocardiographers in 
their analysis of data. Recently, clear guidelines 
were suggested for echocardiographic measure- 
ments,! and, using these guidelines, we have looked 
at the variations in left ventricular dimensions from 
week to week for four weeks in 10 normal volunteers 
and five patients with stable valvular heart disease. 
We have also assessed the inter- and intraobserver 
error of three physicians in measuring these 
echocardiograms. 


Subjects and methods 
Fourteen normal volunteers and six patients with 


stable valvular heart disease (on no medication and 
not showing evidence of cardiac decompensation) 


. , ® Previously Inter-University Council Senior Academic Fellow. 
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were selected for study. Of these, four were 
excluded from the normal group and one from the 
group with valvular heart disease at baseline. 
because of technically inadequate tracings. The 10 
normal volunteers were all healthy men aged 20 to 
35 years (mean 26:8) with no history of cardiac 
disease. Clinical details of the group with valvular 
heart disease are described in Table 1. 

The echocardiograms were performed with a 
Smith Kline Ekoline 20A ultrasonoscope and 
attached strip chart recorder at a paper speed of 
50 mm/s in all subjects after 15 minutes’ rest. A 
lead II electrocardiogram was simultaneously 
recorded. The echocardiographic technique was as 
described by Henry et al.? In brief, after a T-scan, 
a good septal-posterior wall transverse dimension 
was defined and gain settings were adjusted so that 
endocardium, epicardium, and both sides of the 


Table 1 Details of five subjects with stable cardiac 
disease 





Case no. Age (y) Sex Clinical diagnosis 





11 46 F Mitral valve prolapse 

12 56 M Aortic stenosis 

13 65 M Aortic stenosis and regurgitation 
14 59 F Aortic regurgitation 

15 50 M Aortic stenosis 





VF 


Serial measurements of left ventricular dimensions by echo 285 


septum could be clearly seen at the level of the 
chordae tendineae of the mitral valve apparatus. In 
this position, all tracings were performed by one 
of us (GL). At the initial study, the position of the 
transducer was carefully noted with reference to the 
interspace and distance from the sternum. The 
echocardiograms were performed at weekly intervals 
for four weeks using the same posture and trans- 
ducer position in each subject as were used in the 
first recording. The tracings for measurement were 
chosen and photocopied by one of us (GL) and 
read independently and in a completely blind man- 
ner by the other three of us (called observers A, B, 
and C). To minimise observer bias in measurement, 
only five cardiac cycles were included in each 
tracing. Each observer was provided with a set of 
guidelines for left ventricular measurements (as 
shown in Table 2) based on the recommendations 
of Sahn et al.' 

In all, 60 technically acceptable echocardiograms 
(Fig.) were performed and each observer measured 
six indices in each of 70 echocardiograms (including 
10 duplicated tracings). 


Table 2 Guidelines for echocardiographic left 
ventricular measurements 





Left ventricular diastolic internal diameter (LVIDd) 

At level of chordae, measure vertical distance from most anterior 
edge of endocardial echoes to left septum at onset of first 
deflection of QRS complex of ECG 


Left ventricular systolic internal diameter (LVIDs} 

Measure vertical distance from most anterior edge of endocardial 
echoes to left septum at nadir of septal motion (if septal motion is 
normal), if not, at peak of posterior wall motion 


Posterior left ventricular wall thickness (PLVWT) 

At onset of first deflection of QRS complex of ECG, measure 
vertical distance between most anterior edge of endocardial echoes 
to epicardium at level of chordae 


Posterior left ventricular wall amplitude (PLVWA) 

Draw horizontal line between most anterior points of left 
ventricular endocardium in systole, then measure maximal vertical 
distance from this line to endocardium of LVPW at point just 
before free wall begins to move anteriorly in systole 


Interventricular septal thickness (IVST) 
Measure vertical distance from right ventricular side of IVS to its 
left ventricular side at onset of first deflection of QRS of ECG 


Interventricular septal amplitude (IVSA) 

Draw horizontal line between most posterior points of left 
ventricular side of septum during systole, then measure maximal 
vertical distarce from this line to IVS just before septum begins 
to move posteriorly in systole, 








Fig. Representative left ventricular echocardiogram. LVID, left ventricular diastolic dimension; LVIS, left 
ventricular systolic dimension; PWT, posterior wall thickness; CHO, chordae tendineae; IV ST, intraventricular 


septal thickness. 
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Table 3 . F ratio of left ventricular measurements 


Ladipo, Dunn, Pringle, Bastian, Lawrie 








LVIDd LVIDs LVWT LVWA IVST IVSA 

DF associated with error term 168 168 168 168 168 168 
DF associated with weeks 3 3 3 3 3 3 
F ratio associated with weeks 0-015 0-000 1:737 2:361 0:024 0-410 
DF associated with observers 2 2 2 2 2 2 
F ratio associated with observers 0-039 0-282 0-430 2-255 0-048 0-045 
DF associated with interaction between 

weeks and observers 6 6 6 6 6 6 
F ratio associated with interaction between 

weeks and observers 0:172 0-266 0-739 0-191 0-609 0 395 





DF, degree of freedom. 


Results 


A two-way analysis of variance with replication was 
used to assess the effect of both week-to-week and 
interobserver variation, and interaction between 
the two on the indices studied. This did not show 
any statistically significant variation though the 
week-to-week variation was consistently greater 
than the interobserver variation (Table 3). 

Since the two-way analysis of variance did not 
show any statistically significant variation of 
measurements from week to week, between 
observers, or for interaction between weeks and 
observers, and in order to have an estimate of the 
error attached to each measurement, we pooled all 
measurements by the three observers for each 
subject for four weeks to calculate the mean, 
standard deviation, and coefficient of variation as 
shown in Table 4. We chose to use the mean 
coefficient of variation for this estimate because, 
unlike the standard deviation, it took into account 
the magnitude of measurements (Table 5). 

'The 10 duplicated measurements unknown to 
the observers are shown in Table 6: The two rows 
of figures associated with each tracing are the two 


measurements by each observer. The maximum 
difference between two blind measurements of the 
same tracing was 0:3 cm for each of the observers. 
The mean absolute difference (taking the difference 
between two blind measurements as positive, the 
sum of all the differences divided by the number 
of observations) for each of the six left ventricular 
measurements by each observer was minimal 
(Table 6). 

Cases 1 to 10 represent the normal volunteers 
and 11 to 15 the patients with valvular disorders 
(Table 4). The reason for including this latter 
group was not to compare them with the normal 
volunteers but simply to widen the range of 
ventricular measurements, thus providing a more 
representative mean coefficient of variation. 


Discussion 


Single plane M-mode echocardiography is now 
established as a valid method for measuring left 
ventricular wall and cavity dimensions.*-* Though 
undoubted limitations exist in its abilities to predict 
left ventricular function accurately, it appears 
to be of value in measuring serial changes within 


Table 4 Mean standard deviation (SD) and coefficient of variation (CV) of LV measurements in cm 








LVIDd LVIDs LVWT LVWA IVST IVSA 
Case ——— [l [L MÀ —— UT 
no. Mean SD CV Mean SD CV Mean SD CV Mean SD CV Mean SD CV Mean SD CV 
1 508 017 320 3:29 0-12 3-70 0-89 0-08 8-60 102 0-12 11-60 0-92 0-06 6-80 088 0-15 1670 
2 5:06 0-12 2:40 3:04 0-09 3:00 0-84 0-06 7:40 151 0:22 14-60 072 0:11 15-20 056 0:05 9-60 
3 471 0-19 400 3:27 9-10 3-10 0-92 0-09 9-70 110 0-13 11-90 0-95 0:18 19-30 057 0-09 1660 
4 3778 010 2-60 2-68 0-15 5:50 100 003 3-10 1:28 0-24 18:60 127 013 9-90 053 006 1180 
5. 5:06 0-17 3:40 3:09 0-11 3:50 0-81 0-08 10-20 1-42 027 18-90 0-96 0:08 8-00 0-72 0-13 18-10 
6 458 011 240 2:87 0-16 5-50 0-92 009 970 1:26 015 12:20 0-91 0-10 11:40 0-99 0-15 15-50 
7 512 O11 220 2-94 0-20 6-80 0-96 009 9-10 117 O15 13-20 0.95 0:06 6-60 1-24 0-20 16:50 
8 5°32 0:25 4-70 3:60 0:14 4-00 0.97 0:06 650 1:08 0-13 12-00 0-94 0-10 11:00 0-69 0-10 15-00 
9 5:00 0-11 2-10 3-61 0-13 3-70 0-90 0-08 9:20 134 0-15 13-20 0:80 0:08 10:30 0-43 0:10 23-30 
10 498 016 320 3-48 0-16 460 0-96 0:06 650 123 0-10 840 103 012 11-90 0-58 009 15-20 
Il 468 0-14 3-00 2-68 021 7:70 0-95 007 7:30 128 0-19 14-60 0-66 0-08 11-70 0-90 005 6-00 
12 451 0-17 3-70 3-17 0-16 4:90 1:08 0-09 8-20 1:36 0:22 15-90 1:24 0-06 5-00 0-47 0:08 16-50 
13 677 0-28 410 452 0-12 2-70 105 0-07 6-60 1-49 0-17 11-60 106 010 9-80 0-96 006 6:50 
14 631 0:27 420 3-91 014 3-60 109 0-09 8-10 123 009 760 121 0-10 8-60 118 010 8-50 
15 5-27 0-14 2-60 3:26 0-12 3-60 102 0:05 530 134 009 6:60 117 0-10 8-50 0-90 0:06 7:00 
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Table 5 Mean coefficient of variation and 95 per cent 
confidence of left ventricular measurements in 15 subjects 





Index Mean coefficient of. 95 per cent confidence limit 
variation (95) (2 x coeffictent of variation) 
LVIDd 319 64 
LVIDs 439 88 
PLVWT 73 15:4 
PLVWA 12:73 25-5 
IVST 10:27 20:5 
IVSA 13-58 7:2 





an individual in response to different stimuli such 
as glyceryl trinitrate,/7? prazosin,'® and propra- 
nolol. None the less, in order to establish the true 
significance of changes in echo dimensions in re- 
sponse to interventions (particularly when the 
changes are small), it is important to establish the 
variability of this technique at different time in- 
tervals and between observers. 

Earlier studies in echocardiographic diameter 
variability have shown differing results. Pombo 
et al. noted differences of 3 :2-6 mm at end- 
diastole and 3-4--3-4 at end-systole. They also 
showed that when two observers measured the 


"y 


same echocardiograms recorded by one individual 
there was less variation than when recorded by 
two individuals. Popp et al." found that recording 
from one interspace reduced the variability of 
ven-ricular dimension measurements though 
Stefadouros and Canedo’? still found significant 
variability within the same interspace and reduced 
this variability by standardising spatial orientation 
of the ultrasound beam. Sahn er al? have shown 
sign.ficant interobserver and interlaboratory varia- 
tion in measurement when examining the same 
echccardiogram and have emphasised the need for 
standardisation of measurements. Using their 
suggested guidelines we have shown no significant 
variation from week to week and by different 
observers. Furthermore the minimal intraobserver 
variation shown by the 10 blind duplicated tracings 
provides further evidence for consistency in echo- 
cardiographic measurements. Use of the pooled 
coefacient of variation has allowed us to define the 
exteat of the variation and this is least with ventri- 
cula- internal diameters and greatest with wall 
amplitudes (Table 5). Martin and Fieller!^ have 
receatly studied ventricular dimension variability 


Table 6 Measurements of 10 blind duplicated tracings by three observers 




















Observers LVIDd LVIDs LVWT LVWA IVST IVSA 
tracing no. ERES 
A B C A B A B C 
1 48 49 49 33 34 0:7 0 OR 
47 50 49 32 33 06 08 07 
2 $2.59 iu 30 30 30 08 09 O8 16 16 16 06 G6 06 06 06 06 
52 51 0 30 350 30 08 09 09 17 16 15 07 07 07 06 07 06 
3 46 45 45 32 32 32 08 10 10 LO 11 10 Li 11 9 06 06 07 
44 47 46 30 32 32 08 O08 09 13 10 09 10 09 i10 05 06 05 
4 50 49 49 30 30 30 09 09 18 18 19 ro 10 10 06 06 06 
49 49 50 30 27 1 10 09 09 13 18 16 09 1-0 05 06 06 
5 47 45 46 28 29 28 08 09 O08 F3 1013 03 09 09 10 12 11 i1 
46 42 45 27 27 28 08 10 09 13 3 13 09 09 10 12 11 10 
6 52 Sb 51 28 2 28 10 10 1:0 13 11 13 09 100 10 14 13 r4 
54 50 50 27 26 27 10 10 10 L3. bf 3 L0 09 10 14 13 j4 
7 52 51 51 37 37 37 10 10 10 r2 10 11 09 11 li 07 O06 07 
54 51 52 $33 WE O$U 10 09 10 13 08 12 O08 11 09 07 06 OF 
8 49 50 49 36 36 37 07 09 O08 LI. blo 07 08 O8 05 05 Q5 
51 50 49 36 36 37 08 09 09 12 10 09 07 08 08 05 OF OS 
9 52 51 51 35 35 355 10 09 09 13 12 12 1d :b2^-DZ 06 06 07 
52. 5:1 5 35 35 35 09 09 O08 14 12 12 12 11 11 06 06 07 
10 47 46 47 29 26 27 09 10 09 13 12 14 06 07 07 08 09 OG 
48 47 48 31 25 27 09 10 09 13.:53- L3 06 07 06 08 O08 09 
Maximum 
difference 02 03 01 02 03 01 01 02 01 03 02 03 01 OL OL O1 O1 01 
Mean absolute 
difference 0.12 0-08 0-07 0.07 0-08 0:02 0-03 0-04 0-04 0.08 0-06 01 0-06 0-04 0-08 0:03 0-02 0-04 
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at five minute intervals, hourly intervals, and weekly 
intervals. They found a progressive increase in 
variability with increasing time in intervals, with the 
coefficient of variation at one week being 5 per cent. 
Our coefficients of variation for diastolic dimension 
of 3-1 per cent and for systolic dimension of 4-4 
per cent are of a similar magnitude despite the fact 
that we did not use any device for measuring the 
degree of lateral rotation. 

In neither our study nor that by Martin and 
Feiller!^ were the echoes recorded at end expiration 
as suggested by Brenner and Waugh!5 who showed 
that phasic respiration had an effect on left ventri- 
cular dimensions. While it is true that this might 
have further reduced our variability, it is important 
to remember that some patients when instructed 
to suspend their respiration may breath hold thus 
producing an unintentional Valsalva which would 
further complicate data analysis and interpretation. 

The use of computer programs for analysis of 
routine echocardiograms!’ !? has clear advantages 
over manual methods but such systems are expen- 
sive and confined to relatively few major centres. 
Our data confirm that accurate and reproducible 
measurements can be obtained using the methods 
described and can provide useful information on the 
degree of variability of left ventricular dimensions 
as measured by echocardiography. 

Although we did not compare the variability 
caused by different individuals performing the 
echocardiograms, we feel that this would certainly 
have increased the variability, and the observations 
of Pombo et al." support this. We also believe that 
the careful documentation of interspace and distance 
from sternum of the probe have further reduced 
the variability. While we did not accurately 
measure the angle of the patient, approximately the 
same position was used in each patient during 
repeat studies. We feel that this would be acceptable 
in serial studies and that unless small changes were 
being expected the device of Martin and Fieller!5 
for measuring degree of lateral rotation is not 
mandatory. 

In conclusion, we recommend that in sequential 
follow-up of patients using M-mode echocardio- 
graphy one individual should perform all the 
recordings and that the patient and transducer 
position should be carefully documented. Further- 
more it is essential to use uniform guidelines for 
measurements such as those suggested by the 
American Society of  Echocardiography. Our 
findings support the recommendations made 
recently on the use of M.-mode echocardiography 
in clinical pharmacology.!? 


Ladipo, Dunn, Pringle, Bastian, Lawrie 
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Captopril in clinical hypertension 


Changes in components of renin-angiotensin system 
and in body composition in relation to fall in blood 
pressure with a note on measurement of angiotensin II 
during converting enzyme inhibition 


A B ATKINSON, J J MORTON, J J BROWN, D L DAVIES, R FRASER, 
P KELLY, B LECKIE, A F LEVER, J I S ROBERTSON 


From the MRC Blood Pressure Unit, Western Infirmary, Glasgow 


SUMMARY The effect of the converting enzyme inhibitor captopril on arterial pressure, the components 
of the renin-angiotensin-aldosterone system, and body sodium and potassium content was studied in 
eight hypertensive patients with renal artery stenosis and, in conjunction with diuretics, in seven 
patients with hypertension unresponsive to previous treatment. Two hours after the first dose, captopril 
caused significant falls in systolic and diastolic pressures, plasma angiotensin II, and aldosterone, with 
converse increases in angiotensin I and both active and total renin; the initial fall in diastolic pressure 
was significantly related to the drop in plasma angiotensin II. The biochemical changes were sustained 
during prolonged treatment, even when diuretics were added. 

One untreated patient with renal artery occlusion had severe secondary aldosterone excess, was 
sodium and potassium depleted, and severely hyponatraemic and hypokalaemic; captopril restored blood 
pressure, plasma electrolyte concentrations, and exchangeable sodium and total body potassium to 
normal. In one man with renal artery stenosis and overall renal impairment captopril led to sodium 
retention, and blood pressure did not fall until a diuretic was added. In the remaining patients with 
renal artery stenosis, pretreatment renin, angio tensin II, and aldosterone concentrations were either 
normal or only modestly raised, and plasma electrolyte concentrations and body content of sodium and 
potassium were normal. Captopril alone controlled arterial pressure in all, three cases showing a gradual 
fall of pressure over the first six weeks of treatment; no significant changes in exchangeable sodium « or 
total body potassium were seen. 

The group of patients with previously intractable hypertension were all controlled . with a 
combination of captopril and diuretic. 


Clinical accounts of the use of captopril (Squibb 
SQ 14 225), an inhibitor of the enzyme responsible 
for the conversion of angiotensin I to angiotensin II, 
have hitherto concentrated largely on the hypo- 
tensive action, the suppression of aldosterone, and 
the relation to pretreatment plasma renin levels.1^5 
There have been few reports of alterations in 
circulating concentrations of angiotensin I and II 
during treatment.*-§ Lowering of plasma angio- 

: tensin IT concentration is probably a major, though 
not the only, mechanism of the hypotensive action 
Received for publication 27 February 1980 


of captopril.t Evaluation of the body content of 
sodium or potassium before and during captopril 
treatment is also of interest, because the pressor 
effect of angiotensin II is directly related to the 
body content of sodium; moreover, body potassium 
might be expected to increase and sodium to 
decrease with captopril treatment, as angiotensin II, 
and hence aldosterone, falls. 

We give here a detailed analysis of measurements 
of the individual components of the renin-angio- 
tensin aldosterone system, and of sodium and potas- 
sium status, in relation to the fall in arterial pressure 
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Effect of captopril alone on blood pressure, plasma angiotensin II, and aldosterone, and on plasma and body 





Two heurs after first After six days on After six weeks on 








dose of captopril captopril captopril 
152/907 -12:8 159.95 -8 6 149.89 «8/7 
(p< 0D ip < 002) {p< 002) 
20:1 ::32 22.6 «15:6 13-5 «77 
(p < 302) (p«0:02) ipe 
139 295 10-4 15 8 7j 
(p < 2:05) (NS) (NS) 
ze — 2493 + 275 
(NS) 
em — 2842 2 355 (NS) 
TEE = 210 


137-9 





} 


Table 1 
compositions of potassium and sodium in eight patients with renal artery lesions (mean + SEM) 
Before 
captopril 
Blood pressure (mmHg) _ 183.115 -10 5 
Plasma angiotensin II (pg mis 104-9 «87-0 
Plasma aldosterone (ng/100 ml) 19:6 «7:8 
Total exchangeable sodium (mmol) 2458 + 289 
Total body potassium (mmol) 2920 «331 
Plasma sodium (mmol. D 137-6 - 2:0 
Plasma potassium (mmol 1) 38:03 


44 302 
{p< 0-05) 





during oral captopril treatment. Two types of 
patients were studied; the first group had renal 
artery stenosis (Table 1), while all of the second 
group had been resistant to previous antihyperten- 
sive treatment (Table 2). 

A brief account of this work was presented to the 
International Society of Hypertension, Góteborg, 
1979.* 


Methods 


Fourteen patients were investigated. Plasma con- 
centrations of active (normal range 10 to 50 uU/ml) 
and total (normal 60 to 200 uU/ml) renin, angio- 
tensin II (5 to 33 pmol/l; 5 to 35 pg/ml), and 
aldosterone (< 499 pmol/l; «18 ng/dl), and blood 
concentrations of angiotensin I (8 to 73 pmol/l; 
10 to 90 pg/ml) were measured in peripheral venous 
blood by methods described previously.* 


CORRECTION FOR ANGIOTENSIN I 
CROSS-REACTION 

'The angiotensin II antiserum used in these studies 
has a low cross-reaction (less than 1:0?,) with 
angiotensin I ; therefore under normal circumstances 
this does not cause technical difficulty with angio- 


tensin II assay. When converting enzyme is in- 
hib:ted, however, high concentrations of renin and 
hence angiotensin I build up in the circulation, 
while plasma angiotensin II falls to very low levels; 
moreover. further generation of angiotensin Í can 
Occur during the processing of plasma extracts. 
Thus, falsely high values for plasma angiotensin II 
can be obtained with immunoassay unless technical 
precautions are taken, particularly in patients with 
raised endogenous renin levels. In earlier studies, 
this was corrected by prior chromatography’; in 
the present work, a simpler method was used as 
follows. Increasing quantities of exogenous angio- 
tensin I (ileu 5; Schwarz/Mann) (from 1-2 to 7-2 ng) 
were added to a pooled plasma extract and the 
apparent increase in angiotensin II was measured 
by radioimmunoassay. The results are plotted in 
Fig 1 and show a linear relation. between the 
amount of angiotensin I added and the apparent 
increase in angiotensin II. Subsequently, in ali 
plasma samples after extraction, both angiotensin I 
and angiotensin II were estimated. Using Fig. 1, 
the appropriate correction factor was calculated, 
taking into account the cross-reaction caused by 
angiotensin I. This was then applied in determining 
the circulating angiotensin II concentration. 


Table 2 Effect of captopril and diuretics in a group of seven patients with severe treatment-resistant hypertension 


(mean + SEM) 


Saasen a 


Before 

captopril 
Blood pressure (mmHg) 215/116 «11:8 
Plasma angiotensin II (pg/ml: 39.8 «15:9 
Plasma aldosterone (ng/100 ml) 130226 


On captopril 


On captopril plus On captopril plus 





alone diuretics diuretics 
{3 to 26 days) (3 months? 

199/114 «15.8 

(NS 

11-9 22-7 == 

ip < 3-05) íp < 0-05} 

T9 214 10-4 21-4 new 

(NS (NS) 
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Patients 


All patients took a constant diet which was the same 
for each subject on each admission to the metabolic 
ward; sodium and potassium content varied be- 
tween individuals from 85 to 155 and 44 to 90 mmol 
per day, respectively. 

Eight patients (Table 1) had renal ischaemia. 
It is our practice to take the findings at ureteric 
catheterisation as the most reliable criteria of 
unilateral renal ischaemia, the essential features 
being reduced urine flow, creatinine, and para- 
aminohippurate (PAH) clearances and urinary 
sodium concentration, with increased urinary 
creatinine and PAH concentrations, on the affected 
side. Increased ipsilateral renal vein renin and 
angiotensin II concentrations are often corrobora- 
tive, but less specific features. "=! Seven patients 
had the typical radiological and ureteric catheterisa- 
tion findings of unilateral renal artery stenosis, 
together with appropriate lateralising features on 
renal vein sampling for renin and angiotensin." +4 


100 


Means + SEM 
nz16 at each dose 


80 


60 


40 


20 


Amount of apparent angiotensin Il due to angiotensin! pg 





1 3 5 7 
ng added angiotensin | 


Fig. 1 Apparent increase in angiotensin II caused by 

the cross-reaction of the antiserum with increasing amounts 
of angiotensin I added to a pooled plasma extract. 

Each point is the mean +SEM of 16 separate estimates 
at each dose of added exogenous angiotensin I. 
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One patient, previously in the malignant phase, was 
presumed to have consequent and predominantly 
unilateral intrarenal arterial lesions, having normal 
renal arteriograms, but evidence of unilateral renal 
ischaemia on both renal vein sampling and ureteric 
catheterisation. None of the patients with renal 
ischaemia had received any treatment other than 
bethanidine for four weeks before study; bethani- 
dine was stopped 12 or more hours before the initial 
dose of captopril. 

A further six patients (Table 2) had severe 
hypertension unresponsive to a combination of 
diuretic and beta-adrenoceptor blocker together 
with either a vasodilator or a post-synaptic alpha- 
adrenoceptor blocking agent. All were on this 
combination immediately before captopril treat- 
ment, One patient in the renal artery stenosis series 
was added to this group as his blood pressure before 
captopril had been unresponsive to treatment. 

Blood samples were taken, after overnight 
recumbency and fasting, at 0930 hours and 1000 
hours. The initial dose of captopril (25 mg in 10 
cases, 6-25 mg in three cases) was then given and 
further samples were taken after two hours and 
six hours, respectively. The patients remained 
recumbent throughout and fasted until the two 
hour sample had been taken. The maximum 
captopril dosage used long term was 450 mg per 
day. In the patients with renal artery stenosis, the 
values given for the various components of the 
renin-angiotensin-aldosterone system during pro- 
Jonged treatment are the means obtained in 
samples taken at 1000, 1200, and 1600 hours, 
150 mg captopril having been given at 2200 hours 
on the previous evening, and again immediately 
after the 1000 hours sample. In the patients with 
drug-resistant hypertension the values are those 
obtained at 1000 hours, 12 hours after the previous 
dose of captopril and diuretic. 

Exchangeable sodium (NaE),5 exchangeable 
potassium (KE),5 and total body potassium 
(TBK)! were measured by isotope dilution; in 
one man total body sodium (TBNa)!? was measured 
by activation analysis. The relation between NaE 
and plasma angiotensin II in patients before and 
during treatment was expressed in comparison with 
data previously obtained in normotensive sub- 
jects.18 1? 

Throughout the study blood pressures were 
taken after at least 10 minutes rest. A routine 
clinical sphygmomanometer was used; phase V 
was taken as diastolic. Mean blood pressure was 
taken as diastolic plus one-third of pulse pressure. 

Non-parametric statistical tests (Wilcoxon signed 
rank and Spearman rank correlation) were used as 
the data were not distributed normally. 
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Results 


PATIENTS WITH RENAL ARTERY STENOSIS 
(Table 1) 

One patient has been reported in detail elsewhere.* 
This woman had unilateral renal artery occlusion 
and developed classical features of the hyponatrae- 
mic hypertensive syndrome.* ??-?* She was initially 
severely sodium and potassium depleted, with 
hyponatraemia and hypokalaemia and raised plasma 
concentrations of renin, angiotensin II, and 
aldosterone. Plasma angiotensin II fell steeply 
after the initial dose of captopril Because the 
maintenance of arterial pressure is heavily depend- 
ent on plasma angiotensin II in sodium depletion, 
the initial fall of blood pressure was pronounced. 
With continued captopril treatment, sodium was 
steadily retained, the cumulative balance increasing 
by 598 mmol over eight days. In the same period 
226 mmol potassium were retained and the plasma 
sodium and potassium concentrations reverted to 
normal. Blood pressure stabilised at a higher level 
as the electrolyte abnormalities were corrected and 
became similar to that seen after subsequent 
unilateral nephrectomy. 

One patient with renal artery stenosis had im- 
paired overall renal function (creatinine clearance 
30 ml/min). On captopril alone TBNa rose by 
157 mmol over two weeks and blood pressure 
remained high (190/120 mmHg) despite the drop 
in plasma angiotensin II. Blood pressure fell to 
130/90 mmHg, and remained well controlled under 
outpatient conditions, when 80 mg frusemide daily 
was added. 

The remaining patients in this group had good 
overall renal function, normal or only modestly 
raised plasma concentrations of renin, angiotensin 
II, and aldosterone, normal plasma electrolytes and 
body sodium and potassium. Captopril induced an 
initial modest fall in arterial pressure in parallel 
with the fall in plasma angiotensin II; a further 
distinct reduction in blood pressure was seen over 
six weeks with continued treatment in three 
patients. In this whole group, throughout the 
period of observation on captopril, plasma angio- 
tensin II and aldosterone remained suppressed, 
while active and total renin, and angiotensin I, 
were raised. Plasma sodium was unchanged, while 
mean plasma potassium rose marginally; frank 
hyperkalaemia was not encountered in any case. 
There was no appreciable change in mean NaE or 
TBK. 


PATIENTS WITH INTRACTABLE HYPERTENSION 
(Table 2) 
Captopril alone did not significantly reduce arterial 
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pressure compared with the previous regimens, 
though mean plasma angiotensin I] fell significantly. 
When either hydrochlorothiazide (50 mg twice daily) 
or frusemide (from 40 to 1500 mg/day) was given 
in addition to captopril, arterial pressure was 
clearly lower. During continued treatment with 
combined diuretic and captopril, blood pressure 
conzinued well controlled and plasma angiotensin IT 
remained suppressed. Plasma aldosterone was not 
sigrificantly altered by adding diuretic to captopril. 
Treatment has now continued for up to 15 months 
in this group with no loss of control. 


RESUME OF BIOCHEMICAL CHANGES IN 

RELATION TO FALLS IN ARTERIAL PRESSURE 
Two hours after the initial dose of captopril, there 
were highly significant falls in systolic and 
diastolic pressure, plasma angiotensin II, and 
aldesterone concentrations, and increases in the 
plasma concentrations of active and total renin and 
bloed concentrations of angiotensin I (Table 3). 
There was a highly significant correlation between 
the fall in plasma angiotensin II and fall in diastolic 
blood pressure (r. —0-715; p « 0-01; Fig. 2) and, less 
closely, between the fall in plasma angiotensin JI 





Seven patients in the series were studied after 
at least six weeks of treatment with captopril 
450 mg/day; five were on captopril alone and two 
were receiving diuretics also (Table 4). While plasma 
concentrations of active renin, total renin, and 
blood levels of angiotensin I continued to be sig- 
nificantly raised, plasma angiotensin II remained 
suppressed, as did plasma aldosterone. 


SIDE EFFECTS 
One patient with renal artery occlusion and sodium 
derletion became hypotensive after the initial dose 


Table 3 Effect at two hours of the initial dose of 
cap:opril on blood pressure and circulating concentrations 
of active renin, total renin, angiotensin I, angiotensin II, 
and aldosterone in 14 hypertensive patients 

(mean + SEM) 
——ÓPHRRBRBRBRBRBRBRBRREE 














Before Two hours after 
captopril captopril 
Blocd pressure (mmHg) 195/118 = 105 166/100 «10; 
(p< 0-01) 
Plasma active renin (uU;ml) 202-9 «95-2 449-1 «120-1 
ip«O01) 
Plasma total renin (uU/mI) 448-4 = 217-8 695-7 = 201-9 
(p « 0-01) 
Plasma angiotensin I 98:3 «61:9 257-0 «493.7 
(pg; mb (p<0-01} 
Plasma angiotensin II 78:6 «49-6 23-1 «11:5 
(pg;mb? ip«0-0nD 
Plasma aldosterone 173 £46 11-5 23-8 
(12/100 ml) (p< 001) 


Dessen ———— POURRAI 


294 


of 25 mg. Our recommendations in these circum- 
stances have been reported previously? In 
addition, the controlled intravenous infusion of 
angiotensin II (Hypertensin, Ciba) might usefully 
be considered as a means of preventing hypotension 
and regulating arterial pressure accurately if 
captopril is given to a sodium-depleted patient (as 
may be necessary for example, if earlier diuretic 
treatment has been employed for cardiac failure). 
Sodium can then be more safely replaced as the 
blood pressure is lowered, and with continued 
captopril treatment angiotensin II administration 
becomes unnecessary.?? 

Two patients developed symptomatic sinus 
tachycardia (up to 160 beats/min) on standing, one 
while on captopril alone and one after hydro- 
chlorothiazide was added. 

Two patients had disturbance of taste which in 
both instances resolved over a period of four weeks 
with continued treatment. 

Serum urea and creatinine tended to rise when 
frusemide was added, particularly in patients with 
renal impairment; these should therefore be 
monitored closely. 


Discussion 


We have previously reported that during treatment 
with converting enzyme inhibitors high concentra- 
tions of angiotensin I may accumulate in plasma to 
such an extent that cross-reaction of angiotensin I 
with antibodies to angiotensin II may give falsely 
high values for plasma angiotensin II.1 §—10 3? 23 24 
In the light of this we have developed a method of 
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Fall in plasma angiotensin Il at 2 hours ( pg/ ml) 


Fig. 2 Relation between falls in diastolic pressure and 
angiotensin II two hours after initial dose of captopril. 
Not plotted, but included in the calculation, are data 
from one patient who had no change in angiotensin II 
and a fall of 8 mmHg in diastolic pressure. 
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Table 4 Long-term effects of captopril in circulating 
concentrations of active renin, total renin, angiotensin I, 
angiotensin II, and aldosterone in seven patients, all of 
whom had been on drugs for at least six weeks 


(mean +SEM) 








Before After 
captopril captopril 
Plasma active renin (uU/ml) 74-6 +138 794°3 422-0 
(p <0-05) 
Plasma total renin (uU/ml) 153-0 2218 1008-0 +260-3 
(p « 0-05) 
Plasma angiotensin I (pg/ml) 123 +142 193-7 +37-1 
(p < 0:05) 
Plasma angiotensin II (pg/ml) 19-9 43-6 48 «0:8 
(p «0-05) 
Plasma aldosterone (ng/100 ml) 14:0 22-7 87 +13 
(p < 0-05) 





estimating the extent of the interference so that the 
data can be more accurately interpreted. 

We have seen that prolonged treatment with 
oral captopril leads to clear and sustained falls in 
plasma angiotensin II and aldosterone, despite 
distinct increases in circulating active renin and 
angiotensin I concentrations. A similar pattern of 
changes was seen by Johnston and colleagues’ 
when captopril was given to patients with essential 
hypertension, except that in their study captopril 
given alone did not cause an increase in blood 
angiotensin I. A significant correlation was seen in 
the present series between the initial fall in plasma 
angiotensin Il and the concurrent drop in arterial 
pressure. Several lines of evidence indicate, how- 
ever, that components additional to the reduction 
of plasma angiotensin II are involved in the hypo- 
tensive action of captopril. Experimental studies in 
this department on dogs showed that changes in 
plasma angiotensin II alone were insufficient to 
account for the acute changes in blood pressure.?5 
Moreover, captopril has been found to lower blood 
pressure both in anephric rats and man.** ?7 

In addition to the initial fall in blood pressure, in 
three patients with renal artery stenosis in the 
present series (Table 1), a further reduction in 
pressure was seen during prolonged treatment. A 
similar slow fall in pressure has been noted in other 
series,? and is also a feature of prolonged adminis- 
tration of saralasin or converting enzyme inhibitors 
to rats with one-clip, two kidney renal hyperten- 
sion.???? This late effect is compatible with, but 
does not establish, antagonism of a slow pressor’ 
action of angiotensin IIt; on present evidence it 
could equally represent some other component of 
captopril action. 

'There is a close interdependence between sodium 
status and angiotensin II in blood pressure main- 
tenance’ and therefore an important determinant 
of the pressor effect of a given plasma concentration 
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of angiotensin II is NaE (or TBNa). In previous 
studies, hypertension in patients with chronic renal 
failure or the malignant phase was shown to be 
associated with a disproprotionate increase in 
plasma angiotensin II in relation to NaE.'* !* Blood 
pressure came down when this disproportion was 
corrected by lowering either plasma angiotensin II 
or NaE, In the present series a similar disproportion 
was seen, despite a low NaE, in one patient with 
the hyponatraemic hypertensive syndrome; the 
angiotensin II: NaE relation was corrected, and 
blood pressure fell, with captopril.* In another 
patient, with renal impairment, sodium retention 
developed on captopril, and, despite the fall in 
plasma angiotensin II, blood pressure remained 
high until a natriuretic agent was added. 

In the remaining patients with renal artery 
stenosis, the relation between angiotensin II and 
NaE was normal before treatment, which lowered 
angiotensin II and blood pressure without detectably 
changing NaE. Brunner and colleagues! reported a 
fall in blood pressure on giving captopril to hyper- 
tensive patients with chronic renal failure, and 
interpreted this as confirming earlier descrip- 
tions!? }* of a disproportionate rise of angiotensin II 
in relation to NaE in these circumstances. While 
this may be so, neither angiotensin II nor NaE was 
measured in their study.* As seen here, a similar 
outcome could be the result of a fall in plasma angio- 
tensin II without a change in NaE, in circumstances 
where the initial relation between the two measure- 
ments was normal. 

It is to be expected that the addition of natriuretic 
treatment to captopril should be powerfully anti- 
hypertensive.! Sodium is lost from the body and 
the compensatory increases in plasma angiotensin II 
and aldosterone are prevented. Though failures 
have been reported with this combination,! it was 
consistently effective in the present series, despite 
several patients having been resistant to previous 
drugs in various combinations and in optimal dose. 
Contrary to earlier reports,! however, we did find 
tachycardia, especially on orthostasis, to be trouble- 
some, and several patients developed increases in 
plasma creatinine, when captopril was given with a 
diuretic.' Careful clinical and biochemical surveil- 
lance is therefore necessary in these circumstances. 

Although captopril is undoubtedly effective,! ** 
side effects are not negligible, and a final evaluation 
of its role in the treatment of hypertension remains 
for the future. 
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Changes in ventricular size and plasma renin 
activity after cardiac surgery in children"? 
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From the Department of Pediatrics and Genetics, Anesthesiology and Internal Medicine, 
University of Geneva, Switzerland 


SUMMARY Plasma renin activity and one-dimensional echocardiographic measurements of the left 
atrium and left ventricle as well as function indices were studied repeatedly in 20 children with 
various cardiopathies (ages: 9 months to 15 years) before and after corrective surgery. Nine children 
had tetralogy of Fallot, four had pulmonary stenosis, four had rheumatic heart disease, two had 
ventricular septal defect, and one had atrial septal defect. 

Plasma renin activity was normal preoperatively, but increased significantly immediately after 
surgery, was still significantly higher on the 12th postoperative day and returned to normal six to eight 
weeks after surgery. Patients with tetralogy of Fallot and pulmonary stenosis had higher plasma renin 
activity values than the others. 

There was a positive correlation between plasma renin activity and postoperative percentage change 
of the left ventricular dimension. In patients with tetralogy of Fallot and pulmonary stenosis, this 
meant that plasma renin activity became normal when the preoperatively small left ventricle reached 
its normal dimension. This adjustment occurred slowly over a period of two months. In rheumatic 
heart disease and left-to-right shunt lesions, plasma renin activities became normal when the 
preoperatively dilated left ventricle decreased in size towards normal values; the plasma renin 


activities of these patients had reached normal levels by the fifth postoperative day. 
The renin secretion is modulated by various factors: of these, ventricular size and pulmonary 


venous return seem to be of importance. 


In a previous study on renal function in children 
on the second day after cardiac surgery,' determina- 
tions of plasma renin activity (unpublished data) 
demonstrated a rise in most patients. This rise 
was particularly important in several cases of 
tetralogy of Fallot and pulmonary stenosis, and was 
not related to changes in renal function. An increase 
in plasma renin activity might be caused by different 
factors linked to haemodynamic changes induced 
by cardiac surgery. A prospective study was there- 
fore undertaken in children who were operated on 
for different types of cardiac lesions, comparing 
plasma renin activity values and left atrial and left 
ventricular dimensions as well as cardiac function 
indices obtained before and after operation by one- 
dimensional echocardiography. 

* This work was supported in part by the Swiss National Science 
Foundation and the Emil Barrel Fund. 


f Preliminary results of this work were presented at the Annual 
Meeting of the Swiss Society for Pediatric Research, Berne, 6 June 
1978. 
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Subjects and methods 


A randomly selected group of 20 children was 
studied. Table 1 summarises their clinical data. All 
patients underwent open heart surgery with 
cardiopulmonary bypass. Their postoperative fluid 
management consisted of glucose 5 per cent given 
at a rate of 750 ml/m? per 24h with 2 mmol/kg per 
24h of NaCl and of KCI, respectively. The fluid 
volume was progressively increased after the first 
postoperative day. Cardiac failure was treated in 
most of the patients with digoxin and diuretics 
(frusemide, thiazide, and spironolactone) for up to 
two months after operation. Whenever necessary, 
cardiotonic drugs were added during the first two 
days. Blood pressure was measured directly through 
an arterial catheter (mean BP) for approximately 
48 hours and thereafter by auscultation. Serum 
electrolyte levels (Na, K, Cl, CO,) and serum and 
urine creatinine were determined daily during the 
first six postoperative days and weekly thereafter. 
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On each patient, serial plasma renin activity 
determinations and echocardiograms were per- 
formed according to the following schedule: 

I: preoperatively 

II: 2nd postoperative day 
III: 5th postoperative day 
IV: 12th postoperative day 

V: 4 to 8 weeks postoperatively. 

Blood samples were drawn, usually in the morning, 
after the patients had remained in the supine 
position for at least two hours. The samples were 
collected in chilled tubes containing EDTA, and 
were then centrifuged at 4°C. The plasma renin 
activity was determined by radioimmunoassay of 
angiotensin I generated during one hour of 
incubation,” assay being adapted to the antibody 
trapping method of Poulsen.? 


ECHOCARDIOGRAPHIC TECHNIQUE 

The echocardiogram was obtained using a Picker 
80C ultrasonoscope with a 3-5 MHz transducer 
(6 mm diameter focused at 7 cm) and a Honeywell 
fibreoptic strip chart recorder. The examination 
was performed in the supine position by the 
method described by Feigenbaum.‘ Each echo- 
cardiogram was taken within 12 to 24 hours after 
blood sampling for renin. The echocardiographic 
indices obtained were left ventricular end-systolic 





and end-diastolic dimensions (Fig. 1), mean 
'Table Clinical data of patients 
Case Age (y) Sex Diagnosis Operation 
no. 
1 3 1/12 M TOF+ASD Total correction 
2 1 5/12 M TOF+ASD Total correction 
3 611/12 M TOF "Total correction 
4 6 7/12 M TOF Total correction 
5 9/2 M TOF Total correction 
6 1 1/12 M TOF --ASD Total correction 
7 3 8/12 M TOR +right aortic Total correction 
arch 
8 6 2/12 F TOF+ASD Total correction 
9 2 2/12 M TOF Total correction 
10 5 8/12 M PS--bicuspid aortic Pulmonary 
valve commissurotomy 
1i 2 4/12 M PS+VSD Pulmonary 
infundibulotomy 
patch on VSD 
12 21012 M PS+ASD Pulmonary 
commissurotomy 
13 7 0/12 F PS+ASD + Pulmonary 
hypoplastic RV infundibulotomy 
+ patch 
14 2 8/12 M VSD +AR Closure of VSD 
15 3 8/12 F VSD Patch on VSD 
16 9 9/12 F ASD (L to R shunt) Closure of ASD 
19 12 2/2 M MR--MS Mitral Starr valve 
20 15012 F MR Mitral Carpentier 
ring 
21 1211/2 F MR+MS Mitral Starr valve 
22 6 1/12 M AR+AS Aortic Bjork valve 





AR, aortic regurgitation; AS, aortic stenosis; ASD, atrial septal 
defect; MR, mitral regurgitation; MS, mitral stenosis; 

PS, pulmonary stenosis; RV, right ventricle; TOF, tetralogy of 
Fallot; VSD, ventricular septal defect. 
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velocity of circumferential fibre shortening (mean 
Vcf), per cent shortening of the internal dimen- 
sion (95 SID), and ejection fraction (EF), as 
previously described.5-" Left ventricular systolic 
time interval (LVSTD, that is left ventricular pre- 
ejection period (LVPEP), and ejection time (LVET) 
were measured on the aortic root echo after 
determination of the aortic cusp opening and 
closure’ ° (Fig. 2). The ratio of LVPEP/LVET 
was calculated and used as an index of left ventri- 
cular performance.? 

For the statistical analyses, Student's t tests for 
paired and unpaired observations and linear regres- 
sion with correlation were used. 

The study procedure was accepted by the Ethical 
Committee of the Department of Pediatrics. 


Results 


Systemic arterial blood pressures did not change 
significantly before and after operation. None of 
these patients had perturbations of serum electrolyte 
levels or of the acid-base balance. 


PLASMA RENIN ACTIVITY (PRA). 

Mean plasma renin activity values for all patients 
are shown in Fig. 3. We arbitrarily separated 
patients with tetralogy of Fallot and pulmonary 
stenosis (group 1) from those with left-to-right 
shunts and rheumatic valvular heart disease (group 
2) Though both groups showed significant 
differences in age, their preoperative plasma renin 
activity values did not differ significantly. The mean 
value in group 1 was 588 fkat per litre, with a range 
of 42 to 2100 (mean 2-8 ng/ml per hour; range 0:2 
to 10), while the mean value in group 2 was 1029 
fkat per litre, with a range of 378 to 2226 (mean 
4-9 ng/ml per hour; range 1-8 to 10-6). 

The preoperative values were within normal 
limits in all patients.!? 14 On the second postoperative 
day there was a sharp rise in plasma renin activities 
in all patients, with a progressive fall towards the 
12th day and two months postoperatively, respec- 
tively. Compared with the preoperative values, the 
plasma renin activity was significantly higher on 
the second (PRA II) (p « 0:01), on the fifth (PRA 
IID (p « 0:02), and on the 12th (PRA IV) (p «0-05) 
postoperative day. There was no correlation between 
the plasma renin activity and the age of the patients 
(as previously shown), the change in arterial oxygen 
saturation, or the change in haematocrit. The 
patients with high plasma renin activity values had 
no systemic arterial hypertension, or hypokalaemia. 
In patients with tetralogy of Fallot and pulmonary 
stenosis, the mean postoperative values were, 
however, higher than for the others without 
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tetralogy of Fallot, but this difference was significant 
only on the second postoperative day because of 
the wide dispersion of individual values. 


ECHOCARDIOGRAM 
In patients with rheumatic valvular heart disease 
and those with significant left-to-right shunts, the 


Fig. 1 Echocardiogram of the 
right and left ventricle in a 
patient with tetralogy of Fallot 
two days after surgical correction. 
RV, right ventricle; TV, 
tricuspid valve; LV, left ventricle; 
IVS, interventricular septum ; 
EDD, end-diastolic dimension ; 
ESD, end-systolic dimension ; 
RVD, right ventricular dimension. 


left atrium was very dilated before operation. This 
dilatation decreased after surgical correction and 
the ieft atrium approached normal size soon after 
the intervention. The left atrial diameter was 
smaller than normal in patients suffering frorn 
tetralogy ef Fallot, pulmonary stenosis, or atrial 
septal defect before operation. After the operation, 


Fig. 2. Aortic valve echocardio- 
gram of a patient with tetralogy 
of Fallot two days after operation. 
C, catheter in the right ventricle; 
RVOT, right ventricular outflow 
tract; Ao, aorta; LA, left 
atrium; PEP, left ventricular 
pre-ejection period ; ET, left 
ventricular ejection time. 
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there was a pronounced and rapid increase of left 
atrial dimension. 

The same group of patients also had smaller left 
ventricular diameters before operation than normal. 
After corrective surgery these dimensions increased 
progressively, and finally reached normal diameters 
two months after operation (Fig. 4). The changes 
were highly significant as we had shown previously.’ 
Those patients who suffered from rheumatic valvu- 
lar disease or from other congenital malformations 
with dilated left ventricles before operation, showed 
a decrease in left ventricular diameters after 
operation (Fig. 4). 

Indices of left ventricular function were calcu- 
lated from left ventricular dimensions and LVSTI; 
the results are shown in Fig. 5a, b, c. The percentage 
SID of the left ventricle showed only insignificant 
changes throughout the postoperative period in 
patients with tetralogy of Fallot and pulmonary 
stenosis, whereas the other patients had significantly 
diminished values on the second postoperative day 
with a subsequent progressive return to normal 
values. The mean Vcf and the ejection fraction 
showed a similar pattern of changes. 

Patients with tetralogy of Fallot and pulmonary 
stenosis maintained normal values of LVPEP/ 
LVET ratios, postoperatively, whereas in the other 
patients an increase of LVSTI ratio and abnormally 
high values on the second and fifth postoperative 
days were seen. This increase was probably a 
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Fig. 3 Sequential plasma renin values (mean X SEM) : 
(@) in patients with tetralogy of Fallot and pulmonary 
stenosis ; (Wl) in patients with rheumatic heart disease 
and left-to-right shunts; I, preoperative values; II, III, 
IV, values on the second, fifth, and 12th postoperative 
days; V, six to eight weeks after operation; Op, 
operation; *, significant. 
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Fig. 4 Nomogram of the end-diastolic diameter (EDD) 
of the left ventricle according to Epstein et al. in 
Circulation 1975; 51: 1124-9. 
(RL, regression line + SEE). The preoperative diameters 
of the left ventricle (LVEDD) in each patient is shown: 
TOF, tetralogy of Fallot; PS, pulmonary stenosis; 
ASD, atrial septal defect; VSD, ventricular septal 
defect; Mt, Ao, mitral and aortic valve disease (rheumatic 
heart disease). The tip of the arrow indicates the 
measurement on the fifth postoperative day in each 
patient. Tetralogy of Fallot and pulmonary stenosis show 
an increase in LVEDD while VSD, Mi, and Ao show a 
decrease in LVEDD. 


result of poor left ventricular contractility. With 
increasing time after surgery they returned towards 
normal values (two months after the intervention). 


RENIN VALUES VS ECHOCARDIOGRAPHIC DATA 
The relation between plasma renin activity values 
and echocardiographic indices was analysed by 
plotting the plasma renin activity of a given patient 
on a given day against his echocardiographic 
dimensions and function indices obtained on the 
same day. No correlation was found between 
plasma renin activity values and per cent shorten- 
ing of the internal dimension values, mean Vcf, or 
LVPEP/ET ratio, and changes in left atrial 
dimensions. For each patient, the differences 
between the preoperative end-diastolic dimension 
and the end-diastolic dimension on the second, 
fifth, and 12th postoperative days were calculated, 
that is the postoperative increase or decrease in 
dimension. This difference was expressed as a 
percentage of the preoperative end-diastolic dimen- 
sion value (% change EDD) and was compared 


Changes in ventricular size and plasma renin activity after cardiac surgery in children 301 


with the corresponding postoperative renin value. 
On the second postoperative day, all patients were 
in cardiac failure with distinctly raised plasma 
renin activity values and inconsistent changes in 
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Fig. 5 Left ventricular function indices in patients with 
tetralogy of Fallot and pulmonary stenosis (6), and in 
patients with rheumatic heart disease and left-to-right 
shunts (B). I, preoperative values; 11, HI, IV, values on 
the second, fifth, and 12th postoperative day; V, six to 
eight weeks postoperatively ; (a) per cent shortening of 
the internal dimension (% SID, mean + SD); (b) mean 
velocity of circumferential fibre shortening (mean Vef, 
mean +-SD) ; (c) PEP/ET = left ventricular systolic 
time-tnterval ratio. The horizontal lines indicate the 
normal values -- 18D. Patients with tetralogy of 

Fallot and pulmonary stenosis show only slightly 
impaired function indices; patients with rheumatic heart 
disease and left-to-right shunt lesions show significant 
changes in cardiac function. 









left ventricular dimensions. Therefore no cor- 
relations between plasma renin activity values and 
echocardiographic indices were calculated on that 
day. There was a significant linear correlation from 
the ifth postoperative day between the logarithm 
of the plasma renin activity values and the percent- 
age change in end-diastolic dimension. The patients 
with a small ventricle that dilates postoperatively 
tended to have higher plasma renin activity values 
than the patients with a larger ventricle which 
decreased in size after surgery. The correlation is 
shown for the fifth and the 12th postoperative day 
in Fig. 6a and b. 


Discussion 


An increase in the activity of the renin-angiotensin 
system was previously reported to follow open 
heart surgery with cardiopulmonary bypass in 
aduks." In studies with measurement of plasma 
renin activity, the wide dispersion of individual 
values is to be taken into consideration. These 
variations, which are important in normal children, 
are even more obvious in patients who receive 
cardiotonic and/or diuretic treatment for cardiac 
failure. This explains the relatively great scatter 
of plasma renin activity values during the post- 
operative period. 

Ir the present study we observed a distinct 
increase in plasma renin activity on the second 
postoperative day in all patients. This increase 
could be a result of cardiopulmonary bypass, 
aortc clamping, as well as fluid restriction,’ 
diuretics,“ ! and cardiotonics.-? Plasma renin 
activity values, however, remained high on the fifth 
and 12th postoperative day in all patients and were 
significantly higher in patients operated on for 
tetrelogy of Fallot and pulmonary stenosis. The 
difference between the two groups cannot be 
explained by the type of surgery and the time on 
cardiopulmonary bypass. Changes in renal function 
(renal plasma flow and glomerular filtration rate) 
were not observed after cardiac surgery,! and, 
therzfore, could not account for the changes in 
plasma renin activity. The persistence of high values 
on the fifth and 12th postoperative day, as well as 
the differences between various cardiac lesions 
have, to our knowledge, not yet been reported. 

Postoperative haemodynamic changes observed 
by serial echocardiograms might help to explain 
the prolonged increase of renin-angiotensin activity 
in tetralogy of Fallot and pulmonary stenosis. 
Corrective surgery in these patients is followed by 
an increased pulmonary blood flow but also by 
altered geometric relation of the ventricles (the 
left ventricle being pushed backwards by the 
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dilated right ventricle.)? ?! While the left atrium 
dilates rapidly, the left ventricle dilates only slowly 
over days and weeks." The most important increase 
in left ventricular size is, however, observed during 
the first three weeks after operation. 


The difference in plasma renin activity between 
the two groups with the particularly high value of 
plasma renin activity in tetralogy of Fallot and 
pulmonary stenosis could be explained by the 
following hypothesis. Patients with tetralogy of 
Fallot and pulmonary stenosis are in acute left and 
right heart failure because of a non-compliant left 
ventricle and a malfunctioning dilated right 
ventricle. Acute cardiac failure is known to be 
accompanied by enhanced sympathetic tone, by 
increased activity of the adrenergic nervous system, 
with norepinephrine accumulations in the arterial 
blood,? and by increased activity of the renin- 
angiotensin system.!9 1° Patients with rheumatic 
cardiopathies and shunt lesions are in chronic 
cardiac failure before operation and are treated 
with digitalis, diuretics, and a low salt diet, pre- 
operatively. This treatment is continued after 
corrective surgery. Chronic heart failure is usually 
, not accompanied by increased activity of the renin- 
angiotensin II system. Therefore, the renin- 
angiotensin system in patients with rheumatic 
cardiopathies is more stable. In addition, the left 
atrial and left ventricular, but also the right 
ventricular size of these patients diminishes after 
operation as seen in Fig. 4. 


Left ventricular function tests obtained by 
echocardiography were normal or only slightly 
impaired in patients with tetralogy of Fallot and 
pulmonary stenosis while they were more disturbed 
in the other patients. There was, however, no 
correlation between the function test and the plasma 
renin activity, as previously shown by Turini 
et al. 


The mechanism controlling the renin release in 
congestive heart failure has not yet been well 
defined.!? Numerous studies suggest that—besides 
adrenergic system regulating mechanisms—pressure 
receptors in the heart and great arteries may 
modify the. release of renin. Cardiopulmonary 
mechanoreceptors might play the most important 
role.*4-28 The role of these receptors, however, 
remains questionable, and the published reports 
are contradictory.?4 ?5 27-32 


Plasma renin activity values decrease when the 
left ventricle dilates and approaches its normal size 
in patients with tetralogy of Fallot and pulmonary 
stenosis (Fig. 6a, b). Increased plasma renin 
activity values persist, however, certainly until the 
12th postoperative day, but are less pronounced 
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Fig. 6 Graphic representation of the correlation between 
plasma renin activity (PRA) and the percentage change 
between pre- and postoperative LVEDD (% change 
EDD). Regression lines are indicated. (a) On the fifth 
postoperative day (III) ; (b) on the 12th postoperative 
day (IV). 


at that time since the left ventricle has returned to 
normal size. In patients with a preoperatively 
dilated left atrium and dilated left ventricle, plasma 
renin activity decreases when left atrial and left 
ventricular size diminishes. These changes in size 
occur more rapidly and more significantly in the 
first postoperative days. In both groups of patients 
the interaction between changes in ventricular size 
and venous return seems to modulate the renin 
secretion via different cardiopulmonary receptors. 
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Results of 24 hour ambulatory monitoring of 
electrocardiogram in 131 healthy boys 
aged 10 to 13 years" 


OLIVE SCOTT, G J WILLIAMS, G I FIDDLER 
From the Department of Paediatric Cardiology, Killingbeck Hospital, Leeds 


SUMMARY Ambulatory monitoring of the electrocardiogram was performed in 131 healthy boys aged 
between 10 and 13 years for two consecutive periods of 24 hours. When awake the maximal heart rates 
ranged from 100 to 200 and the minimal from 45 to 80 beats per minute. During sleep maximal rates 
were 60 to 110 beats and minimal rates 30 to 70 beats per minute. Sinus arrhythmia was seen in every 
boy and in 36 (27:595) no other changes were found. Sinuatrial block, Mobitz type I, was not seen. 
Sinuatrial block, Mobitz type II, occurred twice only. Complete sinuatrial block occurred in 8-4 per cent, 
never lasted more than one cycle, and was always followed by a junctional beat. 

First degree atrioventricular block occurred in 8:4 per cent and Mobitz type I atrioventricular block 
in 10-7 per cent. Premature beats were always single, atrial in 13 per cent, ventricular in 26 per cent, 
and except in two boys were never more than four in 24 hours. There were no episodes of ventricular 


or supraventricular tachycardia. 


Changes in P wave morphology were common and slow junctional rhythm occurred in 13 per cent 


during sleep. 


In the past, diagnoses of arrhythmias in childhood 
were made from the resting surface electrocardio- 
gram taken for short periods, and often depended 
on chance recordings. Since 24 hour ambulatory 
monitoring on magnetic tapes became available, the 
tendency has been to interpret them in the same 
way as resting electrocardiograms despite the fact 
that they are recorded with the patient awake or 
asleep, during exercise or rest, and with the patient 
in the erect, prone, or supine positions. The findings 
on 24 hour ambulatory electrocardiographic tape 
recordings in normal healthy adults have been 
published.'-? So far there are no reports of the 
findings in normal healthy children. This study 
was undertaken to define the characteristics of the 
electrocardiogram over 24 hour periods in normal 
healthy boys. 


Methods 
Recordings were made for two consecutive periods 


of 24 hours in 131 healthy boys whose ages ranged 


* This work was supported by a grant from the British Heart 
Foundation. 
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from 10 to 13 years. The boys had no symptoms 
and were questioned particularly about fainting 
attacks or loss of consciousness. A full clinical 
examination was carried out by one of us (O S) 
and no cardiac abnormality was detected in any of 
the subjects. 

One chest electrode was placed on the upper 
part of the sternum and the other in the position 
of chest lead V4. They were firmly fixed to the 
skin without any air trap, taped down, and con- 
nected to a battery-operated Oxford Instruments 
miniature analogue tape recorder. The cassette 
was housed in a leather bag worn round the waist. 
Diaries were kept by the boys who noted their 
activities at particular times and the time of going 
to bed so that these could be correlated with findings 
on the tapes. They led normal lives and continued 
all usual sports except swimming. Analysis was 
carried out using the Oxford Medical Systems 
Analyser which automatically detects changes in 
heart rate or rhythm from preset RR intervals. The 
equipment incorporated a “synclock” mechanism 
to avoid variations in tape speed which would 
produce artefactual rhythm or rate patterns. 
Printouts were made of any abnormalities and at 
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four hourly intervals throughout the trace for 10 
second periods even when no abnormality was 
found. 

The heart rate was recorded from the tapes at 
30 minute intervals. The rate varied at each 
recording. It is important to state that none of the 
lowest or highest rates ever lasted more than half an 
hour. 

In 17 of the 131 boys (13*,) the initial recordings 
were unsatisfactory. In four the electrodes were 
displaced, in eight the leads were broken; five of 
the tapes had been unwound by the boys and 
damaged. All were repeated and satisfactory tracings 
obtained; our observations are reported as mean 
ranges over 24 hours. 

The following observations were made from the 
analysis of each tape: 

(1) The highest and lowest heart rates, awake 
and asleep. 

(2) Sinus arrhythmia (a gradual increase and 
decrease in PP intervals). 

(3) Abnormal P waves during the day and night, 
their duration, and the heart rates associated with 
abnormal P waves. When abnormal P waves 
Occurred over three or more successive beats, this 
was defined as junctional rhythm. 

(4) Sinuatrial block. This was classified using 
conventional criteria.*** In Type J PP intervals are 
equal but occasional beats are dropped; the interval 
between the P waves surrounding the dropped beat 
is less than that of two cycles (Mobitz type I 
sinuatrial block). In Type II the interval between 
the P waves surrounding a dropped beat is equal 
to twice the PP interval between normal beats 
(Mobitz type II sinuatrial block). 

Complete sinuatrial block in which there is failure 
of impulse formation in the sinuatrial node, or if 
the impulse is formed it is not conducted into the 
atrium. 

(5) First degree heart block (a PR interval of 0-20 s 
or more). 

(6) Second degree heart block. 'This was sub- 
divided into two groups. 

(a) Type I (Wenckebach phenomenon) (Mobitz 
type I). A dropped beat occurring after progres- 
sive increase in the PR interval. 

(b) Type II (Mobitz type II) in which a dropped 
beat occurred without any changes in the PR 
interval. 

(7) 'The presence of premature beats, ventricular 
or atrial. 


Results (Table 1) 


Of the 131 boys, 36 showed no abnormalities and 
remained in sinus rhythm throughout the recording. 
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(1) HEART RATES 

The lowest and highest heart rates are shown in 
Fig. la during sleep and Fig. 1b when awake. The 
maximal heart rates ranged from 100 to 200 beats 
per minute when awake. The high rate of 200 
occurred in only one patient and was a sinus tachy- 
cardia. The minimal rates were from 45 to 80. 
During sleep maximal rates ranged from 60 to 110 
and the minimal rates from 30 to 70 beats per 
minute. 


(2) SINUS ARRHYTHMIA 

This was present in every tracing and sinus pauses 
as long as l:6 s occurred in six subjects at night 
when the heart rates were slow. The presence of 
sinus arrhythmia caused some difficulty when 
interpreting abnormalities such as second degree 
block type I (Wenckebach) and finding varying PP 
intervals in addition (Fig. 2). 


(3 ABNORMAL P WAVES 

Changes in the form of P waves occurred in 44 
boys (33-.6?,), during sleep only in 20 (15 29,5, 
when awake only in seven (5:395); in three the P 
wave changed during exercise. In 17 boys (13945) 
the P waves altered during the day and night, 
usually becoming inverted or flat. In 17 (13%) the 
abnormal P waves were associated with junctional 
rhythm (Fig. 3), varying from three successive 
beats to periods of 25 minutes. During sleep the 
junctional rhythm was associated with slow heart 
rates. 


(4) SINUATRIAL BLOCK 

Mobitz type I sinuatrial block was not seen. Mobitz 
type II sinuatrial block was seen twice only and 
occurred only twice in each boy during sleep 
(Fig. 4). Complete sinuatrial block was seen in 11 
boys (8:4?,). The block lasted for one cycle only, 
was always followed by junctional beats, and in 





Table 1 Summary of findings on 24 hour 
electrocardiograms in 131 healthy boys aged 10 to 13 years 
Rhythm at lowest Sinus 114 
heart rates Junctional 17 
Sinuatrial biock with junctional escape 1i 
First degree atrioventricular block ii 
Second degree atrioventricular block 
Mobitz type I i4 
Mobitz type I (2:1 block) 1 
Premature Atrial 10 
beats Ventricular 34 
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two was followed by slow junctional rhythm (Fig. 3). -(5) FIRST DEGREE HEART BLOCK 

It never occurred more than three times over a This occurred in 11 (8-495) of the 131 boys, in 
24 hour period, and in two subjects it occurréd seven (5:394) during sleep only. In four of these, 
once only. In three patients the block occurred Mobitz type I atrioventricular block developed 
during the day, in six at night, and in two both day during sleep, with heart rates between 40 and 55 
and night. per minute (Table 2). 





[C] Lowest heart rate 


Wi Highest heart rate 








Fig. 1 Lowest and highest 
heart rates (a) during sleep, 
(b) while awake. 
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(6) SECOND DEGREE ATRIOVENTRICULAR 
BLOCK 

Type I (Wenckebach) occurred in 14 boys (10-7%;,) 
(Fig. 2), 12 at night, and two during the day. Four 
of these also had first degree heart block while 
asleep. The heart rates during the periods of block 
varied from 40 to 60 per minute. The frequency of 
occurrence of the block varied from two to four 
times in 24 hours except in one boy in whom it 
occurred 54 times over 24 hours; 2:1 block was 
seen in one boy during sleep and occurred only 
once (Fig. 5). Type II (Mobitz II) was not seen. 


(7) PREMATURE BEATS 

Single premature ventricular beats occurred in 34 
boys (26°), in 20 while awake only, in six of these 
during exercise. In seven boys they were evident 
during sleep only and in seven during sleep and 
when awake. The number of premature beats in 
24 hours was between one and four except in two 
boys, one of whom had 35 premature beats in 
24 hours including a period of coupling lasting for 
nine seconds. The other had 27 premature beats 
over 24 hours. In one boy the premature beats 
were unifocal but in the others where more than 
one occurred, they were multifocal. Atrial premature 
beats occurred in 10 boys (1395). They were always 
single, in four during sleep, in six when awake. 
There were never more than two in 24 hours 
except in one boy who had two half-hour periods 
of coupling during sleep. 


Discussion 


It is essential that the normal 24 hour electrocardio- 
gram in healthy children is defined before we try 
to make definitive diagnoses from it in symptomatic 
children. Such data have not previously been 
reported in children. Data from adults cannot be 
applied to children. 

The slow rates which occur in healthy boys are 
of importance. Our values of minimal heart rates 
when awake are similar to those in male medical 
students? but the range is greater than found in 
studies in adults aged 16 to 65 years.? * Presumably 
the slow rates during sleep are the result of in- 
creased vagal tone and sympathetic withdrawal. 
Such episodes of bradycardia during a 24 hour 
period should not be regarded as indicating sinus 
node disease. 

Complete sinuatríal block never lasted more than 
one cycle so the occurrence of longer periods of 
sinus arrest is likely to be significant, particularly if 
associated with the classical history of syncope on 
extreme exertion suggestive of sinus node disease 
in the young. Our tracings were measured carefully 
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Sleeping 
Fig. 2 Sinus bradycardia with sinus arrhythmia (cycle 
length 96 to 124) and type I second degree block 
( Wenckebach). 





Fig. 3 Complete sinuatrial block, sinus rhythm, then 
pause greater than preceding cycle lengths. Subsequent 
P waves poorly defined—slow junctional rhythm. 





Fig. 4 Mobitz type II sinuatrial block. Shortening of 
PR intervai after the pause is probably related to length 
of time allowed for recovery of atrioventricular 
conduction—it gradually lengthens again. 


Table 2 First degree heart block 
————————  — — 
PR interval (s) Lowest heart Frequency of Mobitz 

rate during type I second degree block 


Awake Asleep sleep 

0-12 63 40 One episode during sleep 
0:18 0:24 48 One episode during sleep 
0321 022 44 "Twice during sleep 

0:22 9-30 40 54 times during sleep 
0:14 0-24 40 

0:10 621 40 

0:18 G22 44 

0:14 G21 54 

012 6-24 45 

0:14 6-21 45 

0:12 0-21 55 


Le ——— Ne 





continued 


Fig. 5 Second degree (2:1) atrioventricular block. 
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for evidence of Mobitz type I sinuatrial block but 
it was not seen. 

First degree atrioventricular block was always 
.associated with bradycardia, especially during sleep. 
Second degree atrioventricular block Mobitz type I 
was a surprising finding and was commoner in our 
series (10-795) than in the series of 50 medical 
students (6%)! and than’ in older age groups 
(2:3%)*. In another series of adults it was not seen.? 
It was always associated with bradycardia and 
occurred at night in 12 of 14 boys. Again increased 
vagal tone causing depression of the atrioventricular 
nodal conduction was probably responsible. This 
Wenckebach atrioventricular block has also been 
reported in Olympic athletes’; 2:1 block occurred 
once (Fig. 5). Mobitz type II atrioventricular block 
was not seen. 

The occurrence of premature beats and their 
incidence over 24 hours was much less frequent in 
boys of 11 to 13 years than in adults. The R-on-T 
phenomenon was never seen nor were episodes of 
ventricular or supraventricular tachycardia both of 
which have been observed in healthy adults 
(16 to 65 years). ? 

Alteration in form and direction of P waves in 
the standard resting electrocardiogram is uncom- 
mon. Our impression when we first used 24 hour 
ambulatory recordings that such changes in P wave 
morphology were common has been confirmed. It 
is important not to overinterpret the significance of 
these changes when the recording is from a single 
lead and the patient's position is changing. 

From the clinical point of view the results of this 
study are helpful. It seems that runs of premature 
beats are likely to be of pathological significance in 
this age group, as are episodes of ventricular or 
supraventricular tachycardia. Complete sinus arrest 
lasting more than one cycle is likely to be abnormal. 
Second degree atrioventricular block Mobitz I 
(Wenckebach phenomenon) cannot be regarded as 
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evidence of disease; its association with bradycardia 
suggests that it is probably a manifestation of 
increased vagal tone. Sinus bradycardia and changes 
in P wave morphology on 24 hour recordings can- 
not be regarded as evidence of sinus node dysfunc- 
tion. These findings on the standard electrocardio- 
gram recorded at rest.have been listed as suggestive 
evidence of sinus node dysfunction? but the dynamic 
single lead 24 hour recordings cannot be interpreted 
in the same way. Further studies are required in 
other age groups and are at present in progress in 
boys aged between 14 and 16 years. 
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Left ventricular function in Friedreich's ataxia* 


An echocardiographic study 
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JULIA L LOVETT, EMILIO R GIULIANI 


From the Biodynamics Research Unit and Division of Cardiovascular Medicine and Pediatrics, 
Mayo Clinic, Mayo Foundation, Rochester, Minnesota, USA; and 
Cardiac Department, Brompton Hospital, London, England 


SUMMARY Left ventricular function was assessed in seven patients with Friedreich's ataxia using 
computer-assisted analysis of the left ventricular echocardiograms and compared with those of 45 
normal children matched for age and sex. The left ventricle in Friedreich's ataxia was symmetrically 
hypertrophied, cavity dimension was normal or small, and septal motion and peak velocity of 
circumferential shortening were normal in all patients. In diastole the duration of rapid filling was 
normal, peak rate of increase in left ventricular dimension was reduced in two patients, mitral valve 
opening was delayed with respect to minimum cavity dimension in seven, and there were significantly 
greater than normal increases in left ventricular dimension during the isovolumic period to mitral 
valve opening in seven, indicating abnormal and incoordinate relaxation. Peak rates of posterior wall 
systolic thickening and diastolic thinning were reduced in four and six patients, respectively, whereas 
peak rates of septal systolic thickening and diastolic thinning were reduced in one and four, 
respectively, suggesting a disproportionately greater impairment of the posterior wall than of septal 
function. 

The absence of asymmetric septal hypertrophy and mid-systolic closure of the aortic valve, the 
presence of normal septal motion, and the greater reduction in posterior wall than in septal dynamics 
are inconsistent with previous ideas that the heart disease of Friedreich's ataxia is identical to 


hypertrophic cardiomyopathy. 


Computer-assisted analysis of echocardiograms perrnits recognition of heart disease in Friedreich’s 
ataxia before the onset of cardiac symptoms or development of clinical signs of heart disease. 


Friedreich's ataxia is a rare spinocerebellar neuro- 
myelopathy, usually transmitted as an autosomal 
recessive.! It is characterised by the early onset of 
progressive ataxia, dysarthria, posterior column 
signs in the lower limbs, and muscle weakness.? ? 
Though myocardial involvement in Friedreich's 
ataxia is well documented and many patients die 
from heart failure,! * cardiovascular symptoms and 
signs usually develop late in the course of the 
disease. Clinical examination is complicated be- 
cause (1) auscultatory abnormalities occur only in a 
minority*-5; (2) radiographic evidence of cardio- 
megaly is uncommon* and may be difficult to assess 


* This investigation was supported in part by Research grants 
from the National Institute of Health, Public Health Service, and 
from the National Aeronautics and Space Administration. 
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in zhe presence of coexistent scoliosis?; and (3) a 
wice range of non-specific electrocardiographic 
abrormalities occurs.? 

Previous echocardiographic studies have shown 
no constant abnormality. Thus left ventricular 
dimension can be normal or small, left ventricular 
hypertrophy concentric or asymmetric, and systolic 
anterior movement of the mitral valve may or may 
not be present. Haemodynamic and angiographic 
studies have shown similar variability in left 
ventricular function with and without left ventricular 
outflow tract obstruction.!?^'? Since there appear 
to be no specific diagnostic features by which 
cardiac involvement in Friedreich's ataxia may be 
recognised, we used computer-assisted analysis of 
left ventricular echocardiograms in an attempt to 
determine whether any abnormalities of regional 
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or cavity function were consistently present, which 
might enable earlier recognition of cardiac disease, 
and possibly prove useful in the reassessment of 
patients at periodic follow-up. 


Subjects 


NORMALS 

Left ventricular echocardiograms were recorded in 
45 clinically normal schoolchildren (24 girls and 21 
boys) aged from 9 to 15 years (mean age 12 years) 
in order to obtain normal values for septal, posterior 
wall, and left ventricular internal dimensions in 
subjects of this age. Fifteen of these echocardio- 
grams (eight female and seven male) were digitised 
to provide normal data for septal, posterior wall, 
and left ventricular cavity dynamics which were 
used as a basis for comparison with that recorded 
from the children with Friedreich’s ataxia. 


PATIENTS WITH FRIEDREICH’S ATAXIA 

Left ventricular echocardiograms were recorded 
from seven children (three girls and four boys) aged 
from 9 to 15 years (mean age 12 years) (Fig. 1). 
'The diagnosis of Friedreich's ataxia was established 
clinically and supported by electromyography in 
all seven patients who were referred for cardiac 
assessment by the division of neurology at the 
Mayo Clinic where they all attended for regular 
follow-up. Two of the patients were sibs and one 
other patient had a sib with Friedreich’s ataxia, 


Fig. 1 Echocardiogram of 
patient with Friedreich's ataxia 
showing right ventricle, inter- 
ventricular septum, left 
ventricular cavity, and posterior 
wall, with electrocardiogram and 
phonocardiogram at top. 
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but the latter was not available for echocardio- 
graphic examination. All patients were in sinus 
rhythm at the time of examination, and none was 
taking any drugs known to affect myocardial 
performance. 


Methods 


ECHOCARDIOGRAPHIC RECORDINGS 
Echocardiograms were obtained with an Ekoline 20 
Ultrasonoscope using a 2-25 MHz transducer with 
a repetition frequency of 1000 cycles/s. Recordings 
were made on a Cambridge Scientific Instruments . 
multichannel strip-chart recorder at paper speeds 
of 50 to 100 mm/s, with simultaneous electro- 
cardiograms. Echoes of the right and left sides of 
the septum and the endocardium and epicardium 
of the posterior left ventricular wall were obtained 
at the level of the mitral valve. Echocardiograms 
were only accepted for analysis when these echoes 
were clear and continuous througbout the cardiac 
cycle. Echocardiograms were digitised“ using a 
Science Accessories Corporation Graf pen and 
processed by a Control Data 3500 computing 
system. Data points were generated for both right 
and left sides of the septum, and the endocardial 
and epicardial surfaces of the posterior left ventri- 
cular wall, so that strings of XY co-ordinates were 
obtained for the four surface boundaries. The 
echoes were calibrated with points defining a 
time interval of 2000 ms, a depth of 4 cm, and two 
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successive Q waves on the electrocardiogram 
enclosing the cardiac cycle to be analysed. Plots 
were made of continuous left ventricular cavity, 
septal, and posterior wall dimensions, and their 
rates of change expressed either in cm/s, or normal- 
ised to refer to unit cavity dimension, or septal and 
posterior wall thickness. From these plots (Fig. 2 
and 3) the following measurements were made. 


(1) Dimensions 


(a) Maximum and minimum left ventricular cavity 
dimensions. 


(b) Percentage left ventricular cavity shortening. 


(c) Maximum and minimum posterior wall thick- 
nesses. 


(d) Maximum and minimum septal thicknesses. 


(e) Ratio of minimum septal to minimum posterior 
wall thicknesses. 
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(2) Systolic left ventricular function 

Nozmalised velocities: 

(a) Normalised peak rates of left ventricular cavity 
dimension change. 

(b) Normalised peak rates of posterior wall thicken- 
ing. 

(c) Normalised peak rates of septal thickening. 


(3) Diastolic left ventricular function 

Time intervals: 

(a) Time from minimum left ventricular cavity 
dimension (when the first derivative of cavity 
dimension changed from negative to positive) 
to the onset of mitral valve opening, defined as 
the initial separation of the mitral valve cusps. 

(b) Time from mitral valve opening to the dis- 
continuity on the plot of continuous left 
ventricular cavity dimension (taken as the point 
in time at which the left ventricular rate of 


Fig. 2 Normal child, Set of 
computer plots from the digitised 
\ echocardiogram reproduced in 
Ta lowest panel on left. Above it are 
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increase in dimension dropped abruptly to 20 
per cent of its peak value) which represents the 
true rapid filling period. 
Change in left ventricular dimension during the 
following time interval: 
Change in left ventricular cavity dimension 
during the time interval between minimum left 
ventricular dimension and mitral valve opening 
expressed as a percentage of the total change in 
left ventricular dimension occurring from end- 
systole to end-diastole. 


Velocities of dimension change: 

(a) Peak rate of increase in left ventricular dimen- 
sion. 

(b) Normalised peak rates of posterior wall thinning. 

(c) Normalised peak rates of septal thinning. 


Results 


DIMENSIONS 
The 95 per cent confidence limits for maximum and 
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Fig. 3 Friedreich’s ataxia, 
Set of plots laid out as in 
Fig. 2. Note reduction in 
peak rate of increase in left 
ventricular dimension during 
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minimum left ventricular internal dimensions 
percentage shortening, maximum and minimum 
septal and posterior wall thicknesses, and the ratio 
of minimum septal to minimum posterior wall 
thicknesses are shown for the normal children in 
Table 1, and represent the mean values plus and 
minus 2 standard deviations from the mean. 
Maximum and minimum internal left ventricular 
dimensions in the patients with Friedreich’s ataxia 
were significantly reduced in five of seven (<95% 
confidence limits) and normal in two of seven. 
However, percentage left ventricular cavity shorten- 
ing and septal motion were normal in all patients. 
The septum and posterior wall in all patients with 
Friedreich’s ataxia were hypertrophic in so far as 
their minimum thicknesses were either at or in 
excess of the 95 per cent confidence limits for 
normal children of the same age and sex (Table 1, 
Fig. 1 and 2), Maximum septal and posterior wall 
thicknesses were normal in all except two children 
in whom both were increased, and the ratio of 
minimum septal to minimum posterior wall thick- 
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Echocardiographic measurements of left ventricular dimensions 


eee MEM P————————5S5SR—————— ET 


LV cavity dimensions Per cent cavity 


Septal dimensions 


Posterior LV wall Ratio of minimum septal 





Case no. fem) shortening fem) dimension fin.) to minimum PW thickness 
Max Min Max Man Max Min 
i 7 37 18 E 51 14 l 19 0-9 1-2 
2 33 16 52 14 1: r7 11 ro 
3 32 11d 65 15 2 19 t1 1d 
4 32 16 50 —:3 oe 15 0-9 1-0 
5 28 1-6 43 12 1e i4 ro ro 
6 40 2:6 35 1-4 T: r5 pi 1-0 
7 35 20 43 1:5 13 14 li 12 
Mean 3-4 18 47 1-4 1 16 1-0 11 
Normals 
(n 45) 45205 28203 39 +5 12202 O7 401 12:02 07201 1040-4 
Normal range 
mean +280 3-7 t0 5-3) 2310354 29 to 49 O7 to 15 O05 wO09d 0810 1:6 05 100-9 0-8 to 1:2 
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nesses was 1-1] indicating that the left ventricular 
hypertrophy was concentric (Table 1). 


SYSTOLIC LEFT VENTRICULAR FUNCTION 
Normalised peak rates of increase in left ventricular 
cavity dimension or peak Vcr were normal in all 
patients with Friedreich's ataxia (Table 2, Fig. 3). 
Normalised peak rates of septal thickening were 
within normal limits in all except one patient in 
whom it was reduced, while peak rates of systolic 
thickening of the posterior wall were significantly 
reduced in four of seven patients (Table 2), indi- 
cating a greater impairment of systolic function of 
the posterior wall than of the septum. 


DIASTOLIC LEFT VENTRICULAR FUNCTION 
Time intervals 

The time interval from minimum left ventricular 
cavity dimension to mitral valve opening was 
significantly prolonged in all patients—the delay 


varying from 63 to 90 ms longer than in the normal 
children (Table 2). 

The duration of true rapid filling represented by 
the time from mitral valve opening to the dis- 
continuity on the left ventricular dimension plot, 
when the rate of change of dimension had fallen to 
20 per cent of its peak value, was normal in all 
patients (Table 2). 


Chenges in left ventricular dimension before mitral 
valve opening 

Changes in left ventricular cavity dimension during 
the short time interval between minimum left 
ventricular dimension and mitral valve opening in 
the normal children (0 to 15 ms), before the phase 
of rapid filling, were very small and amounted to 
no more than 7 per cent of the total increase 
occarring from end-systole to end-diastole (Table 2, 
Fig. 2). By contrast in the patients with Friedreich's 
ataxia, not only was this time interval prolonged, 


Table 2 Echocardiographic assessment of lef* ventricular functioa 
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Peak Ver MVO Peak dDidt Rapid diastolic 
Case no. Stl (ms) {diastolic ) filling period 
femisj {msj 

1 3-8 63 110 163 
2 41 81 10-0 127 
3 43 90 12:0 112 
4 37 61 9-0 167 
5 34 73 78 215 
6 24 80 8:2 192 
7 23 87 68 227 
Mean 34 76 9:3 172 
Normals 

(n-15) 31405 11:6 13-5 22-4 176 +34 
Normal range 

mean +280 2:1 to 41 0 to 23 8:3 to 18:3 112 to 224 


Per cent increase 
tn LV dimension 
from minimum 


Normalised peak 
rate of systolic 
thickening of septum 


Normalised peak rate 
of diastolic thinning of 
septum and posterior 


dewn to MVO and posterior wall wali 

1* 21 39 19 62 

13 27 41 18 34 

22 2-2 21 30 40 
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but there were significantly greater increases in 
left ventricular dimension of up to 22 per cent 
(Table 2, Fig. 3). 


Velocities of dimension change 
Peak rates of increase in left ventricular dimension 
during diastole were significantly reduced in two 
patients, at the lower limits of normal in two further 
children with Friedreich’s ataxia, but in the middle 
of the normal range in three. 

Normalised peak rates of septal thinning were 
significantly reduced in four patients and normal in 
three, while the peak rates of posterior wall thinning 
were below the 95 per cent confidence limits in six 
of seven patients (Table 2). These results indicate 
that not only is the septal function impaired in 
fewer patients than the posterior wall, but also that 
diastolic thinning of the septum and posterior wall 
is more frequently reduced than their respective 
peak rates of systolic thickening. 


CLINICAL FINDINGS 

Six of the seven patients had no symptoms referable 
to the cardiovascular system, and one had chest 
pain suggesting angina. On physical examination 
five patients had grade 2/4 ejection systolic murmurs 
at the left sternal border, and these were the only 
abnormal clinical cardiac signs. Three patients had 
moderate kyphoscoliosis (Table 3). 

Chest x-ray film showed a normal heart size 
(cardiothoracic ratio « 0-5) and normal pulmonary 
vasculature in all patients. Electrocardiograms 
showed sinus rhythm in all cases, and the only 
abnormal findings were non-specific T wave changes 
in three patients, which were present in the inferior 
or anterolateral leads. There were no abnormalities 
of intraventricular conduction and no evidence of 
left ventricular hypertrophy (Table 3). 

The one patient with angina had systolic anterior 
motion of the mitral valve echocardiographically. 
At cardiac catheterisation there was no left ventri- 
cular outflow tract gradient at rest, but a gradient 


Table 3 Clinical findings 
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of 20 to 30 mmHg with isoprenaline. 

There was no apparent relation between left 
ventricular cavity, septal, or posterior wall dynamics, 
and clinical or electrocardiographic signs; and 
none of these measurements was of any value in 
identifying the patient with angina or systolic 
anterior motion of the mitral valve. 


Discussion 


The incidence of clinical heart disease in Friedreich’s 
ataxia is well documented, and has been reported 
to vary from 50 to 90 per cent,"-? though abnormal 
myocardial fibre morphology and extensive inter- 
stitial fibrosis were present in 100 per cent of the 
hearts examined at necropsy.!!5 Though most 
patients with Friedreich's ataxia die from heart 
failure or cardiac arrhythmia rather than from 
neurological causes,* the nature and aetiology of the 
left ventricular disease remains unresolved. It was 
initially suggested that the underlying myocardial 
lesion was hypertrophic cardiomyopathy, !5 be- 
cause asymmetric septal hypertrophy!* and systolic 
anterior motion of the mitral valve? were described 
echocardiographically, and because in a few patients 
left ventricular outflow tract obstruction was 
documented haemodynamically.!? 12 13 ?' Few at- 
tempts, however, have been made to assess left 
ventricular function in Friedreich's ataxia or indeed 
to identify abnormalities which might enable early 
recognition of cardiac involvement in this disease, 
which is somewhat surprising since heart failure 
accounts for more than 50 per cent of the deaths. 
Echocardiographic studies are limited in number 
and have been confined to enumerating qualitatively 
abnormal features such as asymmetric septal 
hypertrophy and systolic anterior motion of the 
mitral valve in spite of the fact that this technique 
lends itself especially well to repeated left ventricular 
function studies in children and young adults in 
whom this disease predominates.? Cardiac catheter 
studies have shown that myocardial dysfunction is 








Case no. Signs Cardiac symptoms Electrocardiogram Chest radiograph 
Heart size Kyphoscoliosis 

1 Ejection systolic murmur 2/4 None Inverted T waves II, III, aVF N + 
2 Ejection systolic murmur 2/4 None N N N 
3 Ejection systolic murmur 2/4 Chest pain ? angina Inverted T waves V4-6 N N 
4 Ejection systolic murmur 2/4 None N N N 
5 None None N N N 
6 Ejection systolic murmur 2/4 None Inverted T waves II, III, aVF N + 
7 None None N N * 
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almost invariable, as indicated by the raised left 
ventricular end-diastolic pressure and reduced 
contractility angiographically,!" !? 3 © and that left 
ventricular outflow tract obstruction is rare.!? 17 

'The present study showed thet left ventricular 
internal dimensions in Friedreich's ataxia are either 
reduced or normal, and that normal percentage 
shortening is preserved because of the universal 
presence of normal septal motion. The reduction 
in left ventricular cavity size is accounted for by 
the increased septal and posterior wall thicknesses 
compared with age- and sex-matched normal 
subjects, and, in contrast to previous reports,* !* the 
left ventricular hypertrophy was concentric and not 
asymmetric as shown by the ratio of minimum 
septal to posterior wall thicknesses, which was 
close to unity. 

Systolic rates of inward wall movement assessed 
in terms of peak velocity of circumferential fibre 
shortening, peak Vcr, were normal in all patients 
with Friedreich's ataxia. In spite of this, however, 
abnormalities of systolic function were detectable 
in that the peak rates of systolic thickening of the 
posterior wall were significantly reduced compared 
with normal in more than half the patients, while 
septal thickening was only abnormal in one patient. 
These results suggest that in this disease there is a 
disproportionately greater impairment of systolic 
function of the posterior wall than of the septum. 

An independent manifestation of left ventricular 
disease which has been little recognised until 
recently is diastolic dysfunction, which may even 
develop before systolic abnormalities occur.!5 !? 
Diastolic abnormalities, however, other than static 
pressure-volume characteristics, are less accessible 
to measurement than systolic or pump function, 
but are made readily available with computer- 
assisted analysis of echocardiograms. Using this 
technique, we found diastolic abnormalities of left 
ventricular function in all patients with Friedreich's 
ataxia, and a constant feature was the significant 
delay in mitral valve opening with respect to 
minimum left ventricular dimension, events which 
were synchronous in normal children. The duration 
of the true rapid diastolic filling period was normal 
in all patients, though the peak rate of increase in 
left ventricular dimension during diastole was 
significantly reduced in two patients to a degree 
observed in left ventricular inflow tract obstruction 
caused by moderate mitral stenosis. However, 
this disturbance of left ventricular filling was not a 
result of obstruction at mitral valve level since 
mitral valve echoes were entirely normal and must 
therefore reflect reduced rates of outward wall 
movement caused by abnormal left ventricular 
relaxation. Further evidence of abnormal diastolic 
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funcion was provided by the significantly greater 
than normal increases in left ventricular dimension 
during the isovolumic period between minimum 
left ventricular dimension and mitral valve opening, 
which must represent abnormal cavity shape 
changes resulting from incoordinate relaxation. 
That myocardial diastolic function in Friedreich’s 
ataxia is abnormal is also corroborated by previous 
reports of increased left ventricular end-diastolic 
pressure with normal cavity volume,!? © U indicating 
increased stiffness and reduced distensibility. In 
addition, peak rates of septal and posterior wall 
thinning were significantly reduced in the majority 
of patients though this reduction occurred more 
commonly in the posterior wall than in the septum, 
and these changes were detectable even when the 
peak rate and duration of cavity filling were normal. 
These more frequent diastolic abnormalities of 
cavity, septal, and posterior wall function suggest 
that relaxation more readily loses its high degree of 
organisation than does contraction, becoming not 
only slow but incoordinate, while systolic function 
may remain normal, or only become abnormal later. 
This late development of contraction abnormalities 
may in part explain the delay in appearance of 
cardiac signs and symptoms in this disease, which 
morcover vary independently of the severity and 
rate 5f progression of the neurological disorder. 

The aetiology of the left ventricular dysfunction 
in Freidreich's ataxia remains unresolved. However, 
in ccntrast to previous reports, !5 the left ventricle 
is unlike that in hypertrophic cardiomyopathy in so 
far as the septum was not hypokinetic, septal 
motion was normal in all patients, left ventricular 
hypertrophy was concentric and not asymmetric, 
systclic anterior motion of the mitral valve was 
uncommon and mid-systolic aortic valve closure 
was absent. In addition, reduction in peak rates of 
systclic thickening and diastolic thinning were both 
more pronounced in the posterior wall than in the 
septum which is the reverse of that occurring in 
hypertrophic cardiomyopathy. Furthermore, histo- 
logical examination of the hearts in Friedreich's 
ataxia showed severe interstitial fibrosis which is 
no more frequent in hypertrophic cardiomyopathy 
than in normal hearts?" *! and fibre disarray, which 
may be regarded as the hallmark of hypertrophic 
cardiomyopathy?* was absent.!? 

Left ventricular function in Friedreich's ataxia 
also differed conspicuously from that in dystrophia 
myotonica, another neurocardiac disorder, in which 
there was early and important impairment of systolic 
function demonstrable as reduced peak Ver and 
eject.on fraction.?* It also was different from that 
in Duchenne's muscular dystrophy in which 
myocardial function is well preserved.** 
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This preponderance of diastolic abnormalities, 
with maintenance of relatively normal systolic 
function, also occurs in association with left 
ventricular hypertrophy secondary to systemic 
hypertension and aortic stenosis?! and, therefore, 
they could theoretically be a manifestation of left 
ventricular hypertrophy in Friedreich’s ataxia. 
However, it seems more likely that, with the 
inexorable and rapid deterioration of left ventricular 
function in Friedreich’s ataxia, resulting in death 
in the second and third decades, it relates more 
to the replacement of myocardial fibres with non- 
contractile fibrous tissue—a florid and invariable 
histological finding—than simply to left ventricular 
hypertrophy which in any case was not extremely 
severe, 

Patients such as these are not only of theoretical 
interest because of the appearance of diastolic 
rather than systolic abnormalities, but they are also 
of practical diagnostic value in that (1) myocardial 
involvement in Friedreich’s ataxia may be recog- 
nised earlier and reassessed at follow-up, and (2) 
such abnormalities provide early evidence of the 
clinical syndrome described as heart failure. 
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Non-invasive diagnosis in clinically suspected 
atrial septal defect of secundum or sinus venosus type 


Value of combining chest x-ray, phonocardiography, 
and M-mode echocardiography 


HENRIK EGEBLAD, JENS BERNING, FRITZ EFSEN, ALF WENNEVOLD 


From the Cardiovascular Laboratory of Medical Department B and the Cardiovascular Section of 
Department of Diagnostic Radiology, Rigshospitalet, Copenhagen, Denmark 


SUMMARY ‘Twenty-three consecutive patients with clinical (auscultatory and electrocardiographic) 
signs of uncomplicated atrial septal defect of secundum or sinus venosus type were examined by chest 
x-ray, phonocardiography, and echocardiography, before right heart catheterisation. Seventeen (74°) 
had atrial septal defect, two patients (9?) had insignificant pulmonary stenosis, and four subjects (1794) 
were normal. No false positive diagnosis of atrial septal defect was made by chest x-ray examination, 
whereas increased vascular markings were incorrectly interpreted as pulmonary congestion in one case. 
Four patients had x-ray films showing questionable signs of left-to-right shunt. Six of 15 patients 
with a large left-to-right shunt were correctly selectec for surgery based on radiological findings. 
One false negative but no false positive diagnosis of atrial septal defect was made by phonocardiography. 
Four cases with and four cases without atrial septal defect were classified as having questionable 
phonocardiographic signs of atrial septal defect. Echocardiographic distinction between those with 
atrial septal defect and those without atrial septal defect was correct in all cases; quantitative measurement 
of left-to-right shunt, however, was unsatisfactory. Combined normal findings by x-ray film and 
echocardiography appeared adequate in all cases for the exclusion of atrial septal defect (six patients). 
When the six patients who were correctly identified for surgery from the radiological findings are 
included, there was a total of 12 patients out of 23 (52?,:95*; confidence limits 31 to 73°4) who 
were evaluated definitively by the non-invasive tests. 


The patient with fixed splitting of the second heart 
sound on auscultation, incomplete right bundle- 
branch block, and a normal electrocardiographic 


techniques readily available in most cardiac 
centres.5^* The purpose of the present study was 
to investigate the reliability of these techniques in 


QRS axis frequently presents a diagnostic problem. 
Though suspicion of an atrial septal defect of the 
secundum or sinus venosus type in such patients 
will often prove justified, heart catheterisation in 
others will disclose no signs of atrial septal defect 
or any other structural abnormality.! New tech- 
niques such as two-dimensional contrast echo- 
cardiography,?? ultrasonic Doppler examination,’ 
and radionuclide methods? may become future 
routine examinations in suspected atrial septal 
defect. At present, however, chest x-ray examina- 
tion, phonocardiography, and M-mode echo- 
cardiography are well established non-invasive 
Received for publication 31 December 1979 


the setting of clinically suspected uncomplicated 
atrial septal defect. 


Patients and methods 


During a one year period 23 consecutive patients 
with a clinical suspicion of atrial septal defect were 
referred for heart catheterisation. There were 14 
male and nine female patients, range 5 to 48 years, 
mean 15 years. The patients were defined by a fixed 
splitting of the second heart sound on auscultation 
accompanied by a grade 1-2/6 systolic ejection 
murmur in the pulmonary area and incomplete or 
complete (case 17, Table) right bundle-branch 
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block with a normal QRS axis. Patients suspected 
of pulmonary hypertension or structural abnormali- 
ties other than atrial septal defect were excluded 
from the study, based on physical examination and 
electrocardiogram. The day before heart catheteri- 
sation non-invasive examinations including chest 
x-ray, phonocardiography, and M-mode echo- 
cardiography were carried out and evaluated 
separately by three different observers. Each 
examiner was unaware of the results of the two 
other tests. 

Chest x-ray examination was performed in the 
erect position in the posteroanterior and lateral 
projections. Signs of increased pulmonary blood 
flow in patients with fixed splitting of the second 
heart sound and incomplete right bundle-branch 
block were considered diagnostic of atrial septal 
defect. Thus, patients with intrapulmonary vessels 
in the upper lung zones of increased calibre and 
readily visible to the peripheral edge of the lungs 
were classified as having atrial septal defect.9 Atrial 
septal defect requiring operation (see below) was 
diagnosed in those cases with intrapulmonary vessels 
of increased calibre in all Jung zones.9 Equivocal 
findings were denoted as questionable atrial septal 
defect or questionable atrial septal defect requiring 
surgery, respectively. - 

Phonocardiography, with patients in 40? recum- 
bent position, was recorded during normal quiet 
respiration in the second left intercostal space at a 
paper speed of 100 mm/s (Siemens-Elema Mingo- 
graph 62). A splitting of the second heart sound 
(AP, interval) of more than 35 ms during normal 
expiration in combination with a variation in the 
splitting (A,P, variation) of less than 15 ms during 
norma] respiration were considered diagnostic of 
atrial septal defect." ? 


Patients with A,P, interval of 30 +5 ms or A;P, . 


variation of 20 +5 ms, respectively, were classified 
as questionable atrial septal defect. 
Echocardiography was recorded using either Aloka 
SSD-110 or Mediscan 30 ultrasonic apparatus 
interfaced to a Cambridge recorder. M-mode scans 
from apex to base were performed in the supine 
and left lateral positions with the transducer in the 
third, fourth, and fifth left intercostal spaces near 
the sternal border. A paper speed of 25 mm/s was 
used, whereas interventricular septal motion was 
studied at the chordal level using 50 or 100 mm/s. 
Right ventricular end-diastolic dimension was 
measured in the supine position at the chordal level 
according to Feigenbaum® using the intercostal 
space with the largest right ventricular end-diastolic 
dimension (RVD). Measurements were corrected 
for body surface area (RVD Index — RVD/m? body 
surface). In the clinical context of this series, right 
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ventricular volume overload was regarded as 
diagnostic of atrial septal defect and defined as the 
combination of abnormal septal motion? © and 
right ventricular dilatation (RVD Index of more 
than 1-4 cm/m?). A case with an RVD Index more 
than 1-4 cm/m? together with normal septal motion, 
or abnormal septal motion in a patient with an 
RVD Index of less than 1-4 cm/m? was classified 
as questionable atrial septal defect. The type of 
septal motion? 4 was noted in all scans, but was 
evaluated definitively from the intercostal space 
with the largest right ventricular end-diastolic 
dimension. An M-mode scan from the tricuspid 
to the mitral valve was performed in each inter- 
costal space in the supine and left lateral positions. 
'The maximum diastolic separation of the tricuspid 
and of the mitral leaflets was measured in each 
tracing and their ratio (T/M) calculated according 
to Chiotellis et a7? Maximum T/M and maximum 
RVD Index were correlated to shunt size as 
determined by catheterisation. 

Heart catheterisation was performed percutan- 
eously via the right femoral vein. Pulmonary-to- 
systemic flow ratio was calculated by the oximetric 
method.? If no left-to-right shunt was demonstrable 
on oximetry the atrial septum was carefully probed 
to exclude a communication (two cases) or the 
hydrogen appearance time was measured. 

Patients with a flow ratio equal to or larger than 
2:0 or a flow ratio larger than 1-8 in combination 
with cardiac enlargement were referred for 
operation. 


Results 


A left-to-right shunt at atrial level was shown in 17 
patients (74%) while six patients (26%) had no 
detectable atrial septal defect (Table). The left-to- 
right shunt was small in two patients (flow ratio = 
1:3 and 1-5, respectively). The six patients without 
atrial septal defect included four with normal 
findings at right heart catheterisation and two 
patients with negligible valvular pulmonary stenosis 
(Table). 


CHEST X-RAY 

No false positive diagnosis of left-to-right shunt 
was made on chest x-ray. An increased flow pattern 
in a 48-year-old man was erroneously interpreted 
as pulmonary congestion (case 17, Table). Four 
cases with flow ratios ranging from 1:5 to more 
than 4 were classified as having questionable signs 
of left-to-right shunt, whereas a left-to-right shunt 
was predicted in a patient with a flow ratio of only 
1-3. Six patients out of 12 with definite radio- 
logical signs of left-to-right shunt were correctly 
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suggested as needing operation according to our (p<0-01;t test). One false negative (flow ratio 1:5) 
present guidelines. The other six patients in- but no false positive diagnosis was made by phono- 
cluded three with questionable signs of a large cardiography (Table). Four cases with and four 
shunt and three patients who were classified as cases without atrial septal defect were classified as 
having atrial septal defect not requiring operation, questionable. 

but, of the last-mentioned, two patients had flow 

ratios of more than 2:0 and were in fact referred ECHOCARDIOGRAPHY 


for operation (Table). Patients with atrial septal defect had RVD Index — 
2:8 .0:6 cm/m? (mean -SD), range 2:0 to 40 
PHONOCARDIOGRAPHY cm/m’, in contrast to RVD Index —1-1 +02 cm/m?, 


Mean A,P, interval ( -- SD) in patients with atrial range 0-9 to 1-4 cm/m?, in patients without atrial 
septal defect was 50-3..11:3 ms; this was not septal defect (p « 0:001; t test). The localisation of 
significantly different from A,P, interval in patients the largest right ventricular end-diastolic dimension 
without atrial septal defect (40-8 -12-4 ms; p>0-1; varied; it was obtained in the third intercostal 
t tes). Corresponding values of A,P, variation space in six patients, in the fourth intercostal space 
were 10-0.-9:2 ms in patients with atrial septal in nine patients, and in the fifth intercostal space 
defect in contrast to patients without atrial septal in eight patients. No false negative or false positive 
defect who had A,P, variation = 25-8 -7-3 ms diagnosis was made (Table). The maximum ratio 


Table Radiological, phonocardiographic, echocardiographic, and right heart catheterisation findings in 23 patients 


with clinical suspicion of atrial septal defect of secundum or sinus venosus type (ASD) 


——————MMMMM——MM 















X-ray Phono Echo Catheterisation 
Case Age Sex 
no. (y) ASD Op A.P. A,Prvar ASD RVDI TiM Smot ASD RFP PAP FR Pathology 
fms) {ms} {cemim?) (mmHg) (mmHg) 
1 5 M í i 9 + 40 13 BN = 30/3 18/8 2:55 Sinus venosus defect, 
one abn pulm vein 
g 8 M t ? 50 Q + 26 16 AB -— 26/4 24/8 18 Secundum defect (re- 
quiring operation) 
E 8 M i i 50 10 E 27 i17 AA = 34/5 20/8 $0 Sinus venosus defect 
4 8B M i — 50 o i 40 r4 AN + 25/6 20/10 34 Secundum defect, 
one abn pulm vein 
5 9 F 60 10 4 27 16 AA + 30:0 20/4 40 Secundum defect 
6 9 M 35 20 ? 2:9 l4 BN = 52/4 50/8 1:3 Secundum defect, 
one abn pulm vein, 
peripheral pul- 
monary artery 
stenoses 
7 l0 F ? 40 ü t 26 15 BN 30/6 20/8 27 Sinus venosus defect, 
one abn pulm vein 
8 Ik M 4 ? 50 10 + 26 15 BN 26/6 25/8 2:3 Secundum defect 
9 n F t ? 50 20 ? 21 rS B,B 40/5 27/8 23 Secundum defect 
10 12 M ? 60 0 P 2-0 12 NB 38/6 20/7 21 Secundum defect 
11 13 M + E 50 10 E 29 15 B.A 26/5 20/7 2:2 Sinus venosus defect, 
one abn pulm vein 
12 B FEF ? 50 10 e 38 25 AA 46/4 26/8 >40 Secundum defect 
13 17 F E -= 50 10 + 20 15 AA 27/4 22/7 27 Secundum defect 
i4 18 F ^ * 25 25 ? 22 l4 AB 28/7 27/10 3:0 Sinus venosus defect, 
twoabn pulm veins 
i5 25 F + i 45 15 ? 30 14 AB + 28/8 28/10 2:3 Secundum defect 
16 33 M ? 50 30 -— 23 1-3 BB + 31/3 24/8 l5 Secundum defect 
17 48 M _ 80 0 i 3-0 15 AB + 30/9 30/10 34 Secundum defect 
18 12 F _ 35 25 ? ro 09 NN — 32/4 14/8 1 Small PS 
19 14 F - 40 30 * l4 12 h = 36/5 18/8 1 Small PS 
20 15 M =~ 40 20 ? 1:2 L0 NN - 27/3 24/8 l Normal 
21 15 M ~ 50 20 ? 0-9 09 NN - 30/6 26/10 1 Normal 
22 17 M -~ 60 20 ? 0-9 11 NN — 26/3 22/6 1 Normal 
23 20 M — 20 40 _ 1-2 12 NN - 23/3 23/9 1 Normal 


A, A type of abnormal interventricular septum motion; A,P,, interval between aortic and pulmonary component of second heart sound 
measured during normal expiration; A,P,-var, variation in splitting of second heart sound during normal respiration; B, B type of 
abnormal interventricular septum motion; FR, pulmonary-to-systemic flow -atio; N, normal interventricular septum motion; Op, signs 
of large left-to-right shunt requiring operation; PAP, pulmonary artery pressure; PS, valvular pulmonary stenosis; RVP, right ventricular 
pressure; RVDI, right ventricular end-diastolic diameter corrected for body surface area; Smot, type of interventricular septum motion; 
letter to the left of the diagonal stroke signifies septum motion in maximum RVD, whereas letter to the right represents septum motion 
found in one or more other projections. T/M, maximum ratio between largest opening of the tricuspid and mitral valve; +, present; 

—, absent. 
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between tricuspid and mitral leaflet separation 
(T/M) was 1:5 +0:3 (mean +SD) in patients with 
atrial septal defect and 1-1 +0-1 in patients without 
(p « 0:001; t test). A linear relation could be shown 
between flow ratio and T/M (T/M = 0:25 x FR+ 
0-85; r — 0:80) and between RVD Index and 
flow ratio (RVD Index = 0:65 XFR+0:95; r = 
0-73). Patients with small left-to-right shunts 
(cases 6 and 16, Table) could not be specifically 
identified; these patients, however, had small T/M 
values (Table). Septal motion varied within the 
same individual in most patients with atrial septal 
defect (Table). Normal motion was observed in 
either the third or fifth intercostal space in five 
patients with atrial septal defect. 


Discussion 


Though right heart catheterisation in older children 
and adults is a relatively simple procedure carrying 
only a minimal risk, it would of course be desirable 
to avoid this examination in healthy subjects with 
a clinical suspicion of atrial septal defect. Moreover, 
non-invasive identification of surgical candidates 
would save time and reduce costs. In our series, 
chest x-ray examination appeared satisfactory in 
excluding left-to-right shunt. Only one false nega- 
tive interpretation was made. Increased vascular 
markings in this case were erroneously regarded as 
pulmonary congestion (case 17, Table); the patient, 
however, would of course not bave been acquitted 
of heart disease on the basis of the radiological 
findings. Furthermore, combination of the radio- 
logical findings with phonocardiography and echo- 
cardiography would immediately have corrected 
the radiological diagnosis. 

No false positive radiological diagnosis was 
suggested, but only questionable signs of left-to- 
right shunt were described in four out of 17 patients 
with atrial septal defect including three patients 
with flow ratios of 2-1, 2-7, and more than 4, 
respectively. Radiological markings suggesting need 
for operation seemed reliable; however, only six 
out of 15 such patients were identified. 'T'he radio- 
logical “suggestion of'a small atrial septal defect, on 
the other hand, correlated poorly with catheterisa- 
tion data; one patient was correctly regarded as 
having a small shunt, whereas two patients with 
Jarge shunts were erroneously classified as having 
small atrial septal defects not requiring operation. 

Considering the setting including an auscultatory 
wide fixed splitting of the second heart sound, the 
phonocardiographic measurements of A,P, interval 
and AP, variation provided relatively poor supple- 
mentary information for the exclusion of atrial 
septal defect in an individual patient as only two 
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out of six patients could be excluded. All patients 
with A,P, variation below 15 ms had atrial septal 
defect (12 out of 17 patients with atrial septal 
defect). These findings are in accordance with 
previous reports." ? Combining the results of these 
reports with our data, no better disciminating level 
of A,P, variation than the value actually selected 
could be established. It is not surprising that exact 
measurement of the A,P, interval was of minor 
value in the differentiation between atrial septal 
defect and non-atrial septal defect in these patients, 
who were initially defined by a wide splitting of the 
second heart sound on auscultation. 

Echocardiography distinguished between un- 
complicated atrial septal defect and non-atrial 
septal defect. The RVD Index limit of 1-4 cm/m? 
has been chosen based on published reports? 1? 11 15 
and on experiences from our own laboratory. The 
RVD Index in combination with the pattern of 
septal motion appeared to be a good discriminator 
in our series. Other reports have shown the occa- 
sional appearance of a patient with atrial septal 
defect and a normal echocardiogram. These cases 
were all patients with small left-to-right shunts 
(flow ratio less than 2-0) or patients with pulmonary 
hypertension. 161" One should, however, be. 
aware of a possible false negative echocardiogram. 
Moreover, echocardiograms indicating. right ven- 
tricular volume overload in twó nofmal patients 
have been reported.! Thus, the addition of suppor- 
tive information from phonocardiogram and chest 
x-ray examination is advisable. 

Previous reports have shown. either no or dec 
tively poor correlation between RVD Index and 
flow ratio.107? The good correlation in our series 
may be the result of the consistent use of the 
largest right ventricular end-diastolic dimension. 
We have very limited data, however, concerning 
small defects not requiring operation, and the 
correlation found does not appear sufficient in 
selecting patients for surgery. Chiotellis er aL? 
found a linear correlation (r — 0:57) between flow 
ratio and the ratio of the maximum opening of the 
two atrioventricular valves in 27 patients. Our 
high correlation coefficient of 0-80 may be explained 
by the systematic use of the maximum ratio com- 
paring several transducer and patient positions. 
Still, the correlation does not appear adequate for 
definitive shunt evaluation. It should be realised 
that an increased T/M ratio does not necessarily 
express an increased flow ratio, but may merely 
reflect right heart enlargement and facilitate 
visualisation of parts of the tricuspid valve not 
seen in normal subjects. 

The considerable variation in type of septal 
motion within the same patient is noteworthy. This 
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finding has been described by Kerber er a/.!5 in 
occasional patients, but appears from our series 
to be a common feature in patients with atrial 
septal defect; the degree of variation is probably 
dependant on the number of projections available. 


Conclusion 


Given an auscultatory and electrocardiographic 
suspicion of uncomplicated atrial septal defect, the 
combined finding of a normal chest x-ray film and 
a normal M-mode echocardiogram appears to 
indicate that there is no atrial septal defect. Phono- 
cardiography seems to be of less value in excluding 
atrial septal defect. 

Confirmation of an atrial septal defect was 
correctly obtained by echocardiography in all our 
cases and no false positive diagnosis was made 
either by radiological examination or by phono- 
cardiography. Our data on small atrial septal 
defects with left-to-right shunts below the opera- 
tive range are too limited to draw definite conclu- 
sions. It appears that a patient with echocardio- 
graphic findings of right ventricular volume over- 
load, A,P, variation below 15 ms during normal 
respiration, and a chest x-ray suggesting a large 
left-to-right shunt will, at right heart catheterisa- 
tion, demonstrate the need for closing an atrial 
septal defect. 

In our series of 23 patients with a clinical 
suspicion of atrial septal defect all six patients 
without defects were correctly excluded by chest 
x-ray and echocardiography. Six patients with 
atrial septal defect diagnosed by chest x-ray and 
echocardiography with a phonocardiographic con- 
firmation in four cases were correctly selected for 
operation based on radiological findings. Thus, a 
total of 12 out of 23 patients (52%; : 95"; confidence 
limits 31 to 73°) appears to be definitely evaluated 
without heart catheterisation. 

Improved non-invasive diagnostic results can 
perhaps be provided in the future using techniques 
such as radionuclide examinations and by develop- 
ing ultrasonic methods. 
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Estimation of pulmonary artery wedge pressure from 
chest radiograph in patients with chronic congestive 
cardiomyopathy and ischaemic cardiomyopathy” 
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SUMMARY In order to define the relation between chest x-ray findings and the level of pulmonary artery 
wedge pressure in patients with chronic congestive cardiomyopathy, 82 patients had chest radiographs 
before undergoing 92 haemodynamic studies. The studies were divided into three groups according to 
the level of pulmonary artery wedge pressure (PAWP) (group 1: <15 mmHg, group 2: 15 to 24 mmHg, 
group 3: >25 mmHg. 

Venous distribution, interstitial oedema, pleural effusions, left atrial enlargement, and right 
ventricular enlargement each occurred in less than 10 per cent of group 1 studies. Radiological abnor- 
malities generally distinguished group 1 from group 2, but none except cardiothoracic ratio 
distinguished group 2 from group 3. Cardiothoracic ratio correlated best with pulmonary artery wedge 
pressure (r=0-70). Alveolar oedema was uncommon when PAWP >25 mmHg, occurring in 32 per cent 
of group 3 studies. 

l Stepwise multiple linear regression analysis showed that cardiothoracic ratio, alveolar oedema, 
interstitial oedema, and left atrial size each contributed independently to the prediction of PAWP. 
The regression analysis improved the accuracy of the estimation of PAWP from the findings noted on 


standard chest radiographs. 


A rise in left ventricular diastolic and pulmonary 
artery wedge pressures is a characteristic haemo- 
dynamic finding in patients with chronic congestive 
cardiomyopathy. However, the magnitude of the 
rise in pulmonary artery wedge pressure may vary 
widely in such patients; and, in a few, it may even 
be normal. Accurate determination of the level of 
pulmonary venous hypertension in these patients is 
useful for the choice of appropriate treatment, 
particularly for the choice of vasodilator agents 
which are now widely used for treatment of chronic 
congestive heart failure. At present, invasive 
haemodynamic monitoring is most commonly used 
to assess the severity of pulmonary venous hyper- 
tension in these patients. An accurate noninvasive 
method for the prediction of pulmonary artery 
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wedge pressure would thus be extremely useful in 
clinical practice. 

The chest radiograph has been used to evaluate 
the haemodynamic status of patients with cardiac 
disease in the past.5-11 However, much of the data 
derives from patients with rheumatic mitral valvular 
disease,9-3 32-14 especially mitral stenosis, and it 
remains to be seen that the established radiological 
criteria for estimating pulmonary artery wedge 
pressure are applicable to patients with chronic left 
ventricular failure. The purpose of this study, 
therefore, was to assess the value of chest radio- 
graphic findings for the estimation of pulmonary 
artery wedge pressure in patients with chronic left 
ventricular failure. 


Subjects and methods 


All patients undergoing haemodynamic monitoring 
for symptoms of chronic congestive heart failure at 
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the University of California, San Francisco, between 
January 1975 and January 1979, were evaluated for 
eligibility in the study. Patients were accepted into 
the study if they met the following criteria: (1) 
symptoms of heart failure of more than one month's 
duration; (2) a standard posteroanterior and lateral 
chest radiograph performed within 72 hours before 
haemodynamic evaluation; (3) a stable clinical status 
without change in symptomatology or therapeutic 
regimen during the interval between radiological 
and haemodynamic assessment. Patients with 
valvular or congenital heart disease or hypertrophic 
cardiomyopathy were excluded from the study. Of 
a total of 128 patients, 56 met the above criteria. 
Thirty-eight patients undergoing 46 haemodynamic 
studies were evaluated retrospectively. Eighteen 
patients undergoing 20 studies were then evaluated 
prospectively. An additional 26 patients without 
symptoms of heart failure who underwent right 
heart catheterisation during the course of evaluation 
for chest pain syndromes served as a control group. 
Twenty were evaluated retrospectively and six 
prospectively. Thus, the retrospective group con- 
sisted of 24 patients undergoing 26 haemodynamic 
studies. 

All patients had chronic exertional dyspnoea of 
over one month’s duration. Those who had biplane 
left ventricular angiography had an ejection fraction 
«0-40. All had, in addition, at least two of the 
following characteristics: (1) a third heart sound, 
(2) raised jugular venous pressure, (3) a sustained 
laterally displaced left ventricular impulse, (4) 
chronic digitalis or diuretic requirements, (5) 
pulmonary artery wedge pressure >15 mmHg, 
(6) cardiac index <2-2 l/min per m*. Fifty-three of 
the patients with congestive cardiomyopathy were in 
New York Heart Association class III or IV heart 
failure at the time of the study; three were in 
class II. Two of the patients in class IV had 
improved to class II at the time of their second 
study. 


PATIENT POPULATION 

The mean age of patients with cardiomyopathy was 
59 -13( «1 SD) years compared with 55 + 12 years 
for the patients in the control group. The difference 
was not statistically significant. The mean ages of 
the patients and controls ín the retrospective and 
prospective groups were similar to the groups as a 
whole. 

Both cardiomyopathy and control populations 
were predominantly male, with 39 (70",) men in the 
former and 21 (8175) men in the latter (NS). The 
sex ratios of the cardiomyopathy and control 
patients in the retrospective and prospective groups 
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were also similar to those of the overall groups and 
not statistically different from one anotner. 

Thirty-two (57°%) of the heart failure patients 
had cardiomyopathy secondary to coronary artery 
disease, as determined by coronary angiography or 
a documented history of multiple myocardial 
infarctions (ischaemic cardiomyopathy). Three had 
alcoholic cardiomyopathy, one was diabetic with 
normal coronary arteries, and one was a female 
carrier for the X-linked disorder, Duchenne's 
muscular dystrophy. Thirteen (23°,,) had a conges- 
tive cardiomyopathy of undetermined aetiology. 
Because of similar clinical and haemodynamic 
presentations in patients with ischaemic cardio- 
myopathy and in patients with congestive 
cardiomyopathy, results were analysed together. 

Of the control population, 21 had coronary artery 
disease and five had atypical chest pain with normal 
coronary arteries. 


HAEMODYNAMIC EVALUATION 

Right heart catheterisation with a Swan-Ganz 
catheter was performed in the cardiac catheterisa- 
tion laboratory or the coronary care unit after the 
patients gave informed consent. Pulmonary artery 
and pulmonary artery wedge pressures were 
measured with the patient lying supine using a 
Statham P231d or P23la strain gauge. Zero 
reference level was at the mid-axillary line. 

The patients evaluated retrospectively were 
divided into three groups according to their mean 
pulmonary artery wedge pressure: group 1 included 
those with pulmonary artery wedge pressure 
<15 mmHg; group 2 included those with pulmon- 
ary artery wedge pressure 15 to 24 mmHg; and 
group 3 included those with pulmonary artery 
wedge pressure >25 mmHg. 


RADIOLOGICAL INDICES 

All chest radiographs were obtained in the Radiology 
Department. Posteroanterior and lateral projections 
were obtained at end inspiration with an x-ray 
source-to-film distance of six feet at approximately 
140 kV. 

Cardiac size was evaluated using the cardio- 
thoracic ratio, which was measured as the maximum 
transverse diameter of the heart divided by the 
maximum thoracic width.'* In addition, the presence 
of left and right ventricular and left atrial chamber 
enlargement was recorded. Definitions of chamber 
enlargement were based on standard criteria." 

Pulmonary venous flow redistribution was 
defined as the presence of a disparity between the 
calibre of the upper and lower lobe pulmonary 
vessels with distention of the upper vessels.” 1 
Interstitial oedema was recognised as perivascular 
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or peribronchial cuffing, or Kerley's septal lines.1* 
Alveolar oedema was diagnosed as a hazy mottling 
of small more discrete densities, some confluent, 
without the linear appearance characteristics of 
interstitial oedema, and with poorly defined 
borders.’ 1” Pleural effusions were noted. Pulmonary 
venous flow redistribution, interstitial oedema, 
alveolar oedema, and pleural effusion were termed 
as “fluid abnormalities". 

Finally, the presence or absence of hilar and 
pulmonary artery enlargement was recorded.* 

Chest radiographs were interpreted by one 
Observer without knowledge of the clinical or 
haemodynamic status of the patients. 'l'o assess 
intraobserver variability, 20 chest radiographs were 
reinterpreted blindly three months after initial 
radiological assessment. 


STATISTICAL ANALYSIS 

The data were processed using the statistical 
packages provided by the BMDP Biomedical 
Computer Programs P-series.! Comparisons of 
groups of data consisting of continuous variables 
(as in Table 1 and Fig. 1) were done with t tests or 
analysis of variance followed by a Student-Newman- 
Keuls multiple comparison test. Groups of discrete 
variable (see Fig. 2 and 3) were evaluated with non- 
parametric statistics, including the Mann-Whitney 
and Kruskal-Wallis tests. 


Table Haemodynamic results 











Group PAWP (mmHg) PAP (mmHg) 

1 (N=25) 9/4 12:6* $y<0-001 156426 ip .—0-001 
2(2(N=13) 197232 30-0 +60 

3 (N=28) 308245  [p«0001 40-4 16:0 pp«0-001 
* Mean +1 SD. 


Abbreviations: PAWP = pulmonary artery wedge pressure; 
PAP = pulmonary artery pressure; N = number of studies; 

1 = studies with PAWP <15; 2 = studies with PAWP 15 to 24; 
3 = studies with PAWP 7225. 


Bivariate linear regression and stepwise multiple 
linear regression analysis were also used to relate 
the radiological data to the haemodynamics (Fig. 4). 
The stepwise regression program evaluated all the 
variables presented to it and selected only those 
radiological variables which contributed independ- 
ently to a significant degree to the prediction of 
pulmonary artery wedge pressure. Multiple cor- 
relation coefficients (r), fraction of variance ex- 
plained (R°), levels of significance for each variable 
and the overall regression, and standardised 
regression coefficients were obtained at each step. 
The latter are normalised values which take into 
account the different units and variances of the 
variables. 
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Results 


INTRAOBSERVER VARIABILITY 

Analysis of intraobserver variability showed that 
interpretation of the chest radiographs was highly 
consistent, except for the assessment of hilar and 
pulmonary artery size. The initial mean cardio- 
thoracic ratio of the 20 radiographs read twice was. 
0-58 +0-11 (+ 18D) and the subsequent value 
0-58 -+0-10. All paired cardiothoracic ratios were 
consistent to 2 per cent except two pairs which were 
accurate to 6 and 5 per cent of one another. Paired 
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Fig. 1 Plotted are the means and individual values for 
the cardiothoracic ratios in each group of patients, The 
mean value of group 2 was significantly higher (p< 0-001) 
than group 1, and that of group 3 significantly higher 
than group 2 (p< 0-025). 








" X pOOl — I-PAW «15 
XX D005 —— II PAW 18-24 
HEEPAW 225 
80 
€ e 
9 
[*] 
A 
X 140 
20 
* 


Dog on H m 1 
uv 


n i 
RV 


Fig.2 Presented are histograms showing the percentage 
of findings with left ventricular (LV) enlargement, left 
atrial (LA) enlargement, and right ventricular (RV) 
enlargement in each group. 
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estimates of the pulmonary venous pattern, presence 
of interstitial and alveolar oedema, pleural effusions, 
left and right ventricular size, and left atrial size 
were all consistent in at least 90 per cent of cases. On 
the other hand, 20 per cent of estimates of pulmonary 
artery size and 40 per cent of estimates of hilar 
size were inconsistent. Given the high variability 
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Fig. 3 Presented are histograms showing the percentage 
of findings with venous redistribution ( VR}, interstitial 
oedema ( IOe) , alvzolar oedema ( AOe), and pleural 
effusions {EFF} in each group. 
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Fig. 4 Plotted is the predicted versus the observed 
pulmonary artery wedge pressures in the prospective group 
of studies, the resultant linear regression formula 

(slope = 0-79, r = 0-82), and the 95 per cent confidence 
limits. 
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in the assessment of pulmonary artery and hilar size, 
these two radiological variables were excluded from 
the analysis relating the chest radiographic findings 
to pulmonary artery wedge pressure. All the other 
chest x-ray indices described above form the bases 
for the subsequent results. 


Retrospective results 


HAEMODYNAMIC FINDINGS 

Of the 66 studies done retrospectively, the mean 
pulmonary artery wedge pressure was 26-0 8-2 
(+. SD)mmHg for the cardiomyopathy group 
and 9-1 +2-5mmHg for the control population 
(p < 0:001). The Table lists the resultant mean 
pulmonary artery wedge and pulmonary artery 
pressures after the patients and controls were 
divided into three groups according to their 
pulmonary artery wedge pressure. It is, therefore, 
not surprising that the haemodynamics of each 
group were highly statistically different (p < 0-001) 
group 1 vs. 2, and 2 vs. 3 for pulmonary artery 
wedge and pulmonary artery pressures. 


RADIOLOGICAL ASSESSMENT OF CARDIAC 
ENLARGEMENT AND CHAMBER SIZE 

Heart size alone, as estimated by cardiothoracic 
ratio, correlated well with pulmonary artery wedge 
pressure (r-—0-70). However, the 95 per cent 
confidence limits were wide, making the prediction 
of en individual patient's pulmonary artery wedge 
pressure somewhat uncertain. This difficulty is 
illustrated in Fig. 1, in which the cardiothoracic 
ratios for all the retrospective studies are plotted 
according to group. Mean cardiothoracic ratio for 
the group 1 patients was 0-45 0-06; for the group 2 
patents, 0-57 0-08; and for the group 3 patients, 
0-62 0-08 (p< 0-001 1 vs. 2, p « 0-025 2 vs. 3). It 
can be seen, however, that the overlap among the 
groups is great enough to make the classification of 
ind.vidual patients difficult. Generally, a cardio- 
thoracic ratio 0-60 was predictive of pulmonary 
artery wedge pressure 2-25 mmHg; 77 per cent of 
studies with a cardiothoracic ratio 0:60 occurred 
when pulmonary artery wedge pressure was 
7:25 mmHg. On the other hand, the sensitivity of 
suci an abnormal cardiothoracic ratio for a pulmon- 
ary artery wedge pressure 25 mmHg was low, 
occurring in 58 per cent of the group 3 patients. 
Normal cardiothoracic ratio (0:50) suggested 
normal pulmonary venous pressure; 88 per cent of 
studies with cardiothoracic ratio «050 had pul- 
monary artery wedge pressure <15 mmHg. Only 
68 per cent of all studies, however, with pulmonary 
artery wedge pressure <15 mmHg had a normal 
cardiothoracic ratio. 
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Fig. 2 depicts the presence of chamber enlarge- 
ment in the three groups. Left ventricular enlarge~ 
ment occurred in 27 per cent of group 1 patients, 
whereas left atrial or right ventricular enlargement 
occurred in less than 10 per cent of group 1 patients. 
'Though left ventricular and left atrial enlargement 
were statistically more frequent when pulmonary 
artery wedge pressure was raised (p<0-01), no 
chamber assessment discriminated those with mild 
to moderate (group 2) from those with severe 
(group 3) rises in pulmonary artery wedge pressure, 

Fig. 3 shows the presence of “fluid abnormalities" 
in the three groups. Fluid abnormalities were 
uncommon when pulmonary artery wedge pressure 
was 15 mmHg. Venous redistribution, interstitial 
oedema, and pleural effusions occurred in less than 
10 per cent of group 1 patients, while alveolar 
oedema occurred in none. Venous abnormalities 
(p«0-001), interstitial oedema (p«0-05) and 
pleural effusions (p « 0-05) all distinguished group 1 
from group 2. None of the radiological types of 
fluid abnormalities, however, were statistically 
more frequent when the group 3 studies were 
compared with those in group 2. Alveolar oedema 
was present rarely even when pulmonary capillary 
wedge pressure was 25 mmHg, when it was 
present in 22 per cent of studies. 

Multiple linear regression analysis showed that 
radiological assessment of cardiothoracic ratio, 
alveolar oedema, interstitial oedema, and left atrial 
size (in that order of importance) all independently 
contributed to the estimation of pulmonary artery 
wedge pressure r—0-82). Cardiothoracic ratio 
accounted for 48 per cent of the variance explained 
(R3; alveolar oedema 11 per cent, and inter- 
stitial oedema and left atrial size, each 4 per cent. 
The standardised regression coefficients of each 
variable were similar, however, indicating that all 
four variables were important for the estimation of 
pulmonary artery wedge pressure from the chest 
radiograph. The regression formula was: 


PAWP = -2:6 +21-1 (CTR) + 5-5 (AOe) 
+ 5-4 (IOe) + 6:3 (LA) 


where PAWP = pulmonary artery wedge pressure 
and is measured in mmHg, CTR = cardiothoracic 
ratio, AOe = alveolar oedema, [Oe = interstitial 
oedema, and LA = left atrial enlargement. AOe, 
IOe, or LA were given a value of “1” if the particu- 
lar abnormality was present and “0” if absent. 


Prospective results 


In order to test the validity of the derived stepwise 
linear regression formula, the formula was then 
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applied to the radiological data of the studies 
obtained prospectively. The formula was used to 
derive predicted pulmonary artery wedge pressures 
from the prospective radiological data. The 
predicted pressures were then correlated with 
actual pressures. The results are plotted in Fig. 4. 
The correlation is excellent, with r-«0-82, a value 
similar to that obtained from the retrospective data. 


Discussion 


Previous investigations documented the value of 
the chest radiographic findings of pulmonary venous . 
flow redistribution, interstitial oedema, alveolar 
oedema, and pulmonary arterial enlargement in the 
noninvasive estimation of the haemodynamics in 
patients with rheumatic mitral valvular dis- 
ease, 578 12-141820 Indeed, Milne! synthesised 
the available data and presented specific radiological 
criteria for the estimation of both mean pulmonary 
artery and pulmonary artery wedge pressures in 
patients with mitral stenosis. 

In the present study an attempt was made to 
evaluate the predictive value of various radiological 
findings for the estimation of pulmonary venous 
pressure in patients with chronic congestive heart 
failure who did not have valvular heart disease. Our 
findings document that the presence of most chest 
radiographic abnormalities in patients with chronic 
congestive cardiomyopathy and ischaemic cardio- 
myopathy indicates raised pulmonary artery wedge 
pressure (Fig. 1 to 3). Alveolar oedema was 
conspicuously absent in patients with normal 
pulmonary artery wedge pressure. Left atrial and 
right ventricular enlargement also occurred rarely 
(<10%) when pulmonary venous pressure was 
normal. The only radiological abnormality common 
despite a normal pulmonary artery wedge pressure 
was left ventricular enlargement (27% of group 1 
studies). This finding may reflect the nature of our 
control patients: many had prior myocardial 
infarction and/or hypertension. 

Our observations in patients with chronic 
congestive cardiomyopathy are at variance with 
those in patients with acute heart failure secondary to 
myocardial infarction as reported by Kostuk et al. 
who showed that in the setting of acute myocardial 
infarction, the chest radiograph predicted accurately 
the pulmonary artery wedge pressure in only 43 per 
cent of patients, underestimated it in 24 per cent, 
and overestimated it in 33 per cent. We found that 
radiographic analysis in chronic heart failure rarely 
overestimated pulmonary artery wedge pressure. 
Rapidly changing haemodynamics in patients with 
acute myocardial infarction may account for this 
discrepant result. 
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Although the presence of “fluid abnormalities” 
in patients with chronic congestive heart failure in 
our study was useful to separate patients with 
normal pulmonary artery wedge pressure from 
those with raised pulmonary artery wedge pressure, 
the findings did not help in distinguishing patients 
with moderate increases in pulmonary artery wedge 
pressure (group 2) from those with severe increases 
(group 3) (Fig. 2). Our findings differ from those 
of Turner et aL" who estimated pulmonary 
haemodynamics from the chest radiographic analysis 
of fluid abnormalities and pulmonary arterial size. 
However, in their study haemodynamic and radio- 
logical correlations are not presented other than 
several individual cases, and the patient population 
is not identified. Moreover, in our study we have 
shown, as have others previously,” that the radiologi- 
cal estimation of pulmonary size may be in error. 

Of the fluid abnormalities, alveolar oedema was 
the most specific predictor of a raised pulmonary 
artery wedge pressure in our study. No group 1 
patient had alveolar oedema. Yet alveolar oedema 
was also uncommon, despite severe increases 
in pulmonary artery wedge pressure." Some 
authors!! ^ have suggested that transudation of 
oedema into the alveoli does not occur until the 
pulmonary artery wedge pressure reaches 30 to 
35 mmHg. Of our studies in which pulmonary 
artery wedge pressure was at least 30 mmHg, 
alveolar oedema was present in 30 per cent. One 
possible explanation for infrequent pulmonary 
oedema despite severe rises in pulmonary venous 
pressure is that, during chronic heart failure, 
lymphatic hypertrophy and hyperplasia and changes 
in the pulmonary interstitium allow for a more 
efficient removal of oedema from the lungs than in 
acute heart failure.** 

Cardiomegaly as assessed by cardiothoracic ratio 
proved to be the single most important predictor 
of pulmonary artery wedge pressure in our study 
(Fig. 1). This finding, however, is contrary to the 
data reported in the setting of acute myocardial 
infarction by McHugh er al.® and Kostuk et al?! 
The different findings may relate to cardiovascular 
adaptation to heart failure. Gradual left ventricular 
dilatation is the usual pathophysiological response 
to an increase in left ventricular filling pressure 
and a reduction in myocardial contractility.” 
Consequently, cardiomegaly is more likely to be 
present in chronic rather than acute left ventricular 
failure. In fact, Kostuk et a/.? noted that those 
patients with radiographic cardiomegaly nearly 
always had raised pulmonary capillary wedge 
pressure. 

Our data are in agreement with those of Harlan 
€t al.’ who found that radiological estimate of 


heart volume was the most important clinical 
descriptor of a group of patients with ischaemic 
cardiomyopathy. Though Yatteau er a/.* found 
normal heart size in 27 per cent of their patients 
with ischaemic cardiomyopathy, 60 per cent of 
ther patients were in New York Heart Association 
class I or II heart failure, whereas only 6 per cent 
of cur patients were in class I or II. 

Although in the present study cardiothoracic 
ratio correlated best with pulmonary artery wedge 
pressure (r=-0-70), the accuracy of the ratio in 
predicting the level of increase in pulmonary artery 
wedge pressure in individual patients was low. In 
many patients the cardiothoracic ratio could not be 
used to estimate the pulmonary artery wedge 
pressure with enough precision to be clinically 
useful. 

The present study indicates that a combination 
of radiological variables might more accurately 
predict the level of pulmonary artery wedge 
pressure. The stepwise multiple linear regression 
formula, using the variables cardiothoracic ratio, 
alveolar oedema, interstitial oedema, and left 
atrial size, predicted pulmonary capillary wedge 
pressure fairly accurately in patients with ischaemic 
as well as congestive cardiomyopathy (r--0- 82). 
The regression equation derived from the retro- 
spective data was used prospectively to estimate 
pulmonary artery wedge pressure in 26 studies, 
anc a close estimation of pulmonary artery wedge 
pressure was possible in most patients (r==0-82). 
It needs to be emphasised, however, that the slope 
of the regression line in the prospective evaluation 
was 0-79, indicating that the radiological findings 
tended to underestimate the pulmonary artery 
wedge pressure to some extent (Fig. 4). This is 
not surprising given that alveolar oedema occurred 
infrequently, yet was the second most important 
predictor for raised pulmonary artery wedge 
pressure in our study. Fig. 5 illustrates the difficulty 
tha: exists in the radiological estimation of the 
pulmonary haemodynamics in patients with chronic 
congestive cardiomyopathy. The two patients whose 
x-rays are shown in Fig. 5 both had identical 
haemodynamic findings with cardiac indices of 
151/min per m? and pulmonary artery wedge 
pressure of 32 mmHg. Both patients had gross 
cardiomegaly and left ventricular and atrial 
enlargement, yet only the patient in Fig. 5A had 
pulmonary venous flow redistribution, interstitial 
oedema, and alveolar oedema. Using traditional 
criteria, a radiologist might estimate that the patient 
in Fig. 5B had normal or minimally raised left 
ventricular filing pressures; using the stepwise 
linear regression formula, the estimated pulmonary 
artery wedge pressure is 23 mmHg, and slightly 
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Fig. 5 Shown are chest radiographs from two patients with identical haemodynamics (pulmonary artery wedge 


pressure 


32 mmHg and cardiac index 


underestimates the true pulmonary artery wedge 
pressure, though it is still grossly abnormal. 


In conclusion, our study has shown that, though 


chest radiographic abnormalities are helpful to 
identify the presence of raised pulmonary venous 
pressure in patients with ischaemic and congestive 


cardiomyopathy, the prediction of the level of 
pulmonary 
radiological 


from any single 
possible. Multiple 


venous pressure 
variable is not 


stepwise linear regression analysis improves the 
predictive value of the radiological variables for the 
estimation of pulmonary artery wedge pressure. A 


prospective study involving a much larger group of 


patients will be needed to evaluate further the value 


of 


the regression analysis for the estimation of 


pulmonary artery wedge pressure in these patients. 


'The authors thank Drs James Ostlund and Stanton 


Glantz for their assistance 


with the statistical 


analysis. 
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Prenylamine-induced ventricular tachycardia and 
syncope controlled by ventricular pacing 


E GRENADIER, S KEIDAR, G ALPAN, A MARMOR, A PALANT 
From the Department of Cardiology, Lady Davis Carmel Hospital, Haifa, Israel 


SUMMARY We describe eight patients treated for angina with prenylamine who developed life- 
threatening ventricular arrhythmias after QT interval prolongation. When prenylamine administration 
was stopped QT interval shortened to within normal values, while the ventricular arrhythmias were 
controlled by a temporary ventricular pacemaker and disappeared after several days. We stress the 
importance of surveillance of the QT interval and ventricular arrhythmias in patients receiving long-term 


treatment with prenylamine. 


Since its introduction as an antianginal agent, 
prenylamine has been shown to have a wide margin 
Of therapeutic safety. Indeed very few life- 
threatening complications of prenylamine treat- 
ment have been reported.2-> Thus the association 
‘of ventricular arrhythmias with prenylamine is of 
some interest, especially in view of the fact that it 
can be anticipated and thus avoided. 

We report on the mode of treatment of eight 
patients with prolonged QT intervals and serious 
symptomatic ventricular tachyarrhythmias caused 
by prenylamine. 


Patients and results 


"Ihe eight patients constituting this group were 
admitted to the Department of Cardiology at the 
Lady Davis Carmel Hospital because of several 
"Received for publication 26 February 1980 


episodes of syncope in the few weeks preceding 
admission. "M 

'They had coronary artery disease with mild 
anginal syndrome and were on a regimen of 
prenylamine 180 to 240 mg/day for at least two 
months before being admitted to hospital. Clinical 
details and additional drugs are summarised in the 
Table. 

On arrival all patients had electrocardiograms 
showing prolonged QT interval, ventricular prema- 
ture beats, and short runs of ventricular tachycardia 
with torsade de pointes pattern (Fig. 1—4). 

In the first four patients treatment with ligno- 
caine was initiated immediately; this failed, how- 
ever, to control the arrhythmia. Moreover, two 
patients (cases 1 and 3) developed transient Mobitz 
second and third degree atrioventricular block on 
being given a 100 mg bolus of intravenous ligno- 











Table Clinical, laboratory, and electrocardiographic data of patients on prenylamine with torsade de pointes 
Additional drugs No. of syncopalattacks Serum 
Case Age Sex — ~ Duration Heart QT QTc on QTc on electrolytes 
no. (y) Digoxin Nitrites Fruse- Before During of rate interval admission discharge (mg/100 ml) 
(mg) mide admis- hospital symptoms on (s) (s) (s) te 
(mg) sion (wk) admission mg ca K 
1 76 F + — 6 1 8 40 0:58 0-61 0-37 23 91 49 
2 62 F — + 40 2 — 4 60 0-70 0-78 0-42 18 90 40 
3 82 M 0-25 + — >10 5 8 58 0-64 0:64 0:32 19 11:3 40 
4 72 F — + 40 3 1 5 54 0-60 0:57 0:36 22 117 53 
S 67 F + — 4 — 0 61 0:66 0-66 0-41 21 90 46 
6 64 M — T — 2 — 3 53 0-60 0:56 0-42 22 107 51 
7 74 F + — 1 — 1 56 0-52 0-50 0-39 20 101 47 
3 84 F — + 80 7 2 13 71 0-64 0-70 0-43 19 90 39 
QT alculated ‘di he f. la of Bazzet: QT: QT 
C was c : c= 
culated according to the formula of Bazze! IRER 
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Fig. 1 (a) Ventricular tachycardia showing torsade de pointes (lead II, case 1 ). (b) Ventricular tachycardia 


showing torsade de pointes (lead V1, case 1). 


Fig. 2. (a) Ventricular tachycardia showing torsade de 
pointes (lead I1, case 4). (b) Ventricular tachycardia 
showing torsade de pointes ( praecordial lead V1, 

case 4). 


caine (Fig. 5). These four patients were treated by 
rapid ventricular pacing (100 pulses per minute) 
which proved to be effective in suppressing the 
ventricular arrhythmia. In view of the failure of 
lignocaine to control the arrhythmia and also the 
development of atrioventricular block in two 





patients, we treated the following four patients 
presenting to us by rapid ventricular pacing without 
attempting to initiate treatment with lignocaine. 
The arrhythmia was controlled successfully by this 
treatment. 

The prolonged QT intervals returned to normal 
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Fig. 3 Ventricular tachycardia 
showing torsade de pointes 
(praecordial lead V1, case 3). 




















Fig. 5 Complete atrioventricular block after 100 mg intravenous bolus of lignocaine. Thirteen P waves with one 


ventricular escape beat ( praecordial lead V1, case 3). 





Fig. 6 “Prolonged QT interval 0-645 ( OTe~ 0- 7) o on 
admission and after a few days (lead aVL, case 8). 


values in all eight patients with concomitant cessa- 
tion of the ventricular arrhythmias two to four days 
after prenylamine was discontinued (Fig. 6). 

On admission none of these patients had clinical, 
electrocardiographic, or enzymatic signs of myo- 
cardial ischaemia or infarction. Serum potassium, 


magnesium, and calcium (Table).were within the 
normal range of values. 

In addition, all the first and second degree 
relatives of our patients were examined and none 
was found to have prolongation of the QT interval 
on the electrocardiogram or a history of syncope. 


Comment 


Much is known about the pharmacological action 
of prenylamine® but the exact mechanism of its 
antianginal action is still uncertain. It seems 
probable that this is largely a result of inhibition 
of cathecholamine uptake by the storage granules.’ 
It is known that intravenous prenylamine produces 
coronary vasodilatation and an increase in coronary 
blood flow.® Prenylamine is also known to delay 
calcium transport in the sarcoplasmic reticulum? 
and its antianginal effect is caused in part by its 
effect on electromechanical coupling. It is known to 
have a large number of side effects including 
sedation, gastrointestinal symptoms, and skin 
reactions.!^ Recently, a new complication has been 
described,” which includes prolongation of the QT 
interval and ventricular tachycardia with syncopal 
attacks. 

QT prolongation may be a result of ischaemic 
heart disease," hypokalaemia, hypocalcaemia,™ 
hypomagnesaemia,’ several antiarrhythmic drugs,!4 


Prenylamine-induced ventricular tachycardia 


treatment with phenothiazines'® 5 and tricyclic 
compounds,!? liquid protein diets,!* and is a feature 
of the Jervell-Lange-Nielson!? !* and the Romano- 
Ward syndromes.?? ?! Q'T prolongation encourages 
re-entry processes and ventricular arrhythmias 
including torsade de pointes. Torsade de pointes 
may also arise during slow heart rhythm as an 
escape mechanism in sinus node dysfunction and 
atrioventricular block.?? * It has also been reported 
in a neonate with myocarditis? and as a rare 
complication of ventricular pacing.” 

In the eight cases described above we wish to 
draw attention to the prolongation of the QT 
interval induced by prenylamine, which was 
followed by torsade de pointes. The effects were 
reversible and controlled by ventricular pacing. All 
eight patients were examined echocardiographically 
and phonocardiographically and none was found to 
have prolapse of the mitral valve or any cardio- 
myopathy detectable by these tests. In all cases the 
prolonged QT intervals returned to normal values 
within several days after withdrawal of prenylamine, 
with the concomitant disappearance of the ventri- 
cular arrhythmias. Neither syncope nor palpitation 
has recurred in any of our patients on follow-up, 
and none has shown conduction disorders or 
arrhythmias. 

The occurrence of atrioventricular block after an 
intravenous bolus of lignocaine is of some interest. 
The drug normally asserts minimal effects on the 
cardiac conducting system, and heart block induced 
by lignocaine is a rare complication.** Thus the 
induction of atrioventricular block in two patients 
of four to whom lignocaine was given is a source of 
some misgiving. Though unconfirmed, we cannot 
discount the possibility that at least in some cases 
lignocaine may be inadvisable in torsade de pointes. 

The confident diagnosis of torsade de pointes 
requires the simultaneous recording of three leads; 
not every run of ventricular extrasystoles which 
change shape can be given this label. In view of 
the urgency of the situation we recorded only two 
leads (Fig. 1 and 2), 

Torsade de pointes can be treated either by 
intravenous isoprenaline infusion or by pacing. 
Since the aetiology of the arrhythmia in our patients 
was secondary to prenylamine and there was a 
presumed risk of recurrence until serum levels of 
the drug would have fallen, we chose pacing, 
wishing to avoid the possible hazards of prolonged 
or repeated intravenous isoprenaline, especially in 
patients with angina. 

We advise routine electrocardiographic observa- 
tions in patients on prenylamine. Particular atten- 
tion should be paid to the appearance of new 
albeit mild ventricular arrhythmias and prolonga- 
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tion of the QT interval, which may be the harbin- 
gers of life-threatening torsade de pointes. 
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Effect of nifedipine on exercise tolerance in angina 


pectoris 


G R McILWRAITH,* P H KIDNER,t S ORAM 
From the Cardiac Department, King's College Hospital, Lor.don 


SUMMARY Nifedipine is a new antianginal drug, the calcium-antagonistic inhibitory action on 
excitation-contraction coupling apparently being so pronounced that, in therapeutic dosage, all other 
pharmacological properties are negligible. Its effect on exercise tolerance in angina was assessed by 
an exercise study involving 14 patients: single-stage exercise tests were chosen and the advantages of 
this are given. Our results suggest that the onset of action occurs after about 20 minutes, reaches a 
peak of activity at approximately one-half to two hours, and some effect may still be present at three 
hours. There was a significant improvement in exercise times with a mean rise of 50 per cent over placebo. 


In recent years various antianginal drugs have been 
introduced which inhibit the flow of calcium ions 
across the membrane of the myocardial cell. Earlier 
examples were verapamil and prenylamine. Nifedi- 
pine is the latest and most potent of this class.! 
It restricts calcium ion influx across the cell mem- 
brane during excitation so that contraction of both 
cardiac and vascular smooth muscle is affected. ? 
Laboratory studies have confirmed that it reduces 
the tone of vascular smooth muscle, including that 
of the coronary arteries, and has a negative inotropic 
effect on the isolated myocardium.? In man a drop 
in peripheral vascular resistance occurs but in 
therapeutic dose no negative inotropic effect results. 
In normal resting subjects coronary blood flow, as 
measured by Xenon 133 uptake, shows an overall 
increase of 30 to 40 per cent and in patients with 
coronary arterial disease from 0 to 30 per cent. 
In resting subjects with normal coronary arteries 
this is associated with a rise in coronary sinus oxygen 
saturation,* showing that the increase in flow is not 
simply a physiological response to increased 
myocardial oxygen demand. Ekelund and Atterhog* 
exercised 10 patients with angina pectoris on a 
bicycle ergometer and showed significant improve- 
ment in exercise tolerance with nifedipine as 
compared with placebo. Our report is an exercise 
study using a treadmill and its aims were to 
establish whether or not nifedipine was an active 
antianginal agent and to ascertain the duration and 
intensity of action of the drug. 

* Present address: University of Michigan Medical School, Ann 
Arbor, Michigan 48109, USA. 

t Present address: St. Mary's Hospital, London W2. 

Received for publication 21 February 1980 


Subjects and methods 


Eighteen patients were investigated, of whom 14 
completed the trial. Details of the investigation to 
which the patient was to be submitted were ex- 
plained to each patient and his or her signed 
informed consent was obtained. Ten were men and 
four were women. The age range was 43 to 71 years 
(mezn 57). The duration of anginal symptoms was 
five months to eight years (mean three years two 
months). All had electrocardiograms consistent with 
the presence of myocardial ischaemia, either at rest 
or oa exercise. All were in a stable phase with no 
myocardial infarction within the previous 12 
months. Early in our screening of volunteers, we 
found a poor correlation between daily frequency of 
attacks and ease of provoking angina in the labora- 
tory. The suitability of patients was therefore 
decided on exercise performance rather than upon 
symptoms. During the test week the only other 
med:cation permitted was sublingual glyceryl tri- 
nitrate which was omitted before the daily tests. 
No patient had electrocardiographic evidence of 
left bundle-branch block or left ventricular hyper- 
trophy, and none was receiving digitalis. Patients 
were also excluded with valvar heart disease and 
with a history of heart failure. The exercise appara- 
tus was a motor-driven treadmill, adjustable for 
speed and slope (PK Morgan Limited, Chatham). 
It had an emergency stop button for the patient 
and e safety harness triggering an automatic cut-out. 
Factors which might influence exercise tolerance 
were controlled: the patients were asked not to 
smoke on those days on which they would be 
exercised; the first exercise of each day was at 
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approximately the same time, namely one and one- 
half to two hours after the previous meal which was 
similar in content on each day; the treadmill and 
laboratory furniture were kept in the same position; 
the investigators were the same each day; the 
laboratory was kept at the same temperature and no 
person unknown to the patient was allowed to enter 
the room during the tests. 

Each patient was investigated for five consecutive 
days and on each day was exercised from rest to 
the onset of angina. Exercise was terminated as 
soon as angina had begun. The time from rest to 
the onset of angina was recorded. The radiotele- 
metric electrocardiograph was carefully monitored 
throughout the procedure, the recording electrode 
being in the V5 position and the indifferent electrode 
was below the manubrium sterni. Exercising was 
repeated from three to six times each day with 
intervening rest periods of never less than 20 
minutes. 

The first three days were spent in familiarising 
the patient with the treadmill and determining the 
most suitable speed and slope which would 
repeatedly induce angina between 80 and 120 
seconds from rest. On day one each patient began 
with a multistage test in which walking was started 
at 2 km/h and increased stepwise by 2 km/h at 
three minute intervals until angina pectoris was 
induced. Subsequent tests were single-stage pro- 
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cedures in which the patient was exercised at the 
speed of that three minute period during which 
angina pectoris was induced. Further adjustments 
in speed and slope were then made until the symp- 
tom was regularly induced within the desired 80 and 
120 seconds. On days four and five each exercise 
was carried out at this predetermined load. 

Treatment on day four was single-blind. After 
the first exercise each patient was given a placebo 
capsule which was identical in appearance and 
peppermint taste to nifedipine but was told that 
it could be either. He was asked to bite the capsule 
and keep the fluid in the mouth as long as possible 
to aid buccal absorption. Exercising was then 
repeated as on previous days, up to another six, 
times at the same speed and slope. The times taken 
from resting to the onset of angina were recorded. 

Treatment on day five was double-blind. Pro- 
cedures on day five were exactly similar to day four 
except that some patients (group- A) had 10 mg 
nifedipine and others (group B) had a placebo. 
Patients were allocated in a random fashion into 
one or other group. The data were assessed by 
analysis of variance. s 


Results 


Of the 14 patients who completed the study,. 13 
showed an obvious tendency to an increased exercise 


Table 1 Details of exercise tests of 14 patients with angina pectoris 











Day 4 
Case lope Speed Capsule given Exercise 

no. £) (kph) (h) 1 2 3 4 5 6 7 
1* 12 4 D4 14.28 Starting time (h) 14-20 14.47 15.09 15.30 15.59 16.25 — 
D5 14.28 Duration (s) 80 98 83 87 79 78 — 
2* 6 3 D4 1425 Starting time (h) 14.16 14.40 15.05 15.31 16.00 16.22 16. 
D5 1428 Duration (s) 80 90 92 56 40 70 95 
3 10 5 D4 1025 Starting time (h) 10.14 10.55 11.28 12.00 12.30 — — 
D5 10.8 Duration (s) 100 85 95 90 100 — — 
4* 7 5 D4 10,50 Starting time (h) 10.47 11.15 11.45 12.27 13.00 — — 
D5 10.43 Duration (s) 85 85 95 115 135 — — 
5 7 5 D4 11.03 Starting time (h) 11.01 11.20 11.58 12.45 — — — 
D5 11.06 Duration (s) 70 100 100 90 — — — 
6* 10 5 D4 10.23 Starting time (h) 10.13 10.44 11.10 11.37 12,09 ~ — 
D5 10.09 Duration (s) 105 110 113 111 100 — — 
7 12 5 D4 10.28 Starting time (h) 10.15 10.48 11.26 11.48 12.24 — — 
D5 10.18 Duration (s) 90 . 105 90 95 85 — — 
8 8 2 D4 10.52 Starting time (h) 10.40 11.15 11.43 12.16 12.46 — — 
D5 10.47 Duration (s) 62 66 63 73 65 — — 
9* 12 6 D4 10.40 Starting time (h) 10.25 11.02 ' 11.45 12.07 12.40 — — 
D5 10.45 Duration (s) 77 75 80 87 80 — — 
10 8/9 2 D4 10.47 Starting time (h) 10.36 11.15 11.43 12.10 12.35 — — 
D5 10.37 Duration (s) 85 75 82 84 95 — — 
11 8 4 D4 10.30 Starting time (h) 10.27 11.05 11.35 12.05 12.26 — — 
D5 10.49 Duration (s) 67 62 60 75 67 — — 
12* 10 6 D4 14.29 Starting time (h) 14.21 15.05 15.28 15.53 — — — 
A D5 14.52 Duration (s) 118 120 125 126 — — — 
13* 12 5 D4 10.37 Starting time (h) 10.18 10.50 11.20 11.50 12.18 — — 
D5 10.23 Duration (s) 130 148 142 135 145 — — 
14 10 4 D4 15.10 Starting time (h) 14.52 15.32 15.59 716.38 — — — 
D5 14.51 Duration (s) 80 80 84 72 — — — 





D4, day 4; D5, day 5. * Nifedipine on day 5. 


Endpoint: onset of angina pectoris. 
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tolerance during the training days, and exercise 
loads necessarily were increased to keep the time 
from resting to the onset of angina pectoris within 
the required limits. This was not possible in two 
patients without uncomfortable speeds and slopes 
and longer times were permitted. In six patients 
the improvement in exercise tolerance with training 
was such that the workloads had to be increased 
on day three. Thus a test of less than five days would 
have been inadequate. 

Table 1 gives the details of the exercise tests in 
14 patients with angina pectoris. The time in hours 
refers to the 24 hour clock and the duration of each 
exercise test is recorded in seconds. It will be 
noted that every effort was made to make the 
exercise tests on day 5 comparable with those on 
day 4. 

Seven patients received the placebo on day four 
and nifedipine on day five (group A). The other 
seven had placebo both days (group B). Table 2 
shows the longest times walked by each patient 
after each capsule (max time) compared with the 
precapsule times (base time). In group A patients, 
on day four (placebo), the improvements ranged 
from 7 to 59 per cent, with a mean of 20 per cent 
(Table 2). On day five (nifedipine) the improve- 
ments ranged from 17 to 186 per cent, with a 
mean of 70 per cent. The extremes of the ranges 
are from the same two patients. The difference 











2 3 4 5 6 7 
14.46 15.07 15.29 15.56 16.18 E 
110 115 100 110 95 — 
14.40 15.05 15.25 15.58 16.20 16.42 
100 120 122 103 115 45 
10.53 11.26 11.50 12.20 = — 
128 130 110 105 — = 
11.16 11.51 12.25 13.00 13.32 -— 
140 195 225 300 240 — 
11.33 12.06 12.41 13.14 = — 
175 150 95 100 — — 
10.35 11.06 11.38 12.01 12.37 13.00 
185 190 190 170 165 175 
10.47 11.15 11.38 12.02 12.28 — 
85 105 107 100 90 — 
11.08 11.41 12.09 12.37 = = 
52 58 56 65 mes — 
11.05 11.38 12.07 12.48 — — 
90 97 105 94 — — 
10.57 11.22 11.45 12.10 — — 
80 100 102 95 — — 
11.10 11.35 11.58 12.25 v2: — 
63 58 64 58 = — 
15.19 15.46 16.13 

155 155 135 

10.33 11.08 11.38 12.07 — — 
148 205 166 170 — — 
15.06 15.35 16.11 

88 70 95 — — 


337 


between the improvements is statistically significant; 
SE -21:79, t —2:27, p «0:05 (5%, value of t with 
12° freedom is 2:18). The changes in performance 
in group B patients (placebo on both days) ranged 
from a 0 to 43 per cent improvement on day four 
(mean 15?,) and from a 6 per cent decrease to an 
increase of 75 per cent on day five (mean 19%): 
the difference between these improvements is in- 
significant; t 0-35. In group A patients (nifedipine) 
the mean improvement of day five over day four 
was 50 per cent (range 10 to 127?,) and in group B 
(placebo) 4 per cent (range -18 to --329;). This 
difference is significant: SE 16-4, t 2-77, p < 0-05. 

In group A patients, except for one (case 13) the 
difference between nifedipine and placebo response 
was apparent with the first exercise after treatment 
(Table 3). Mean improvements were 7:5 per cent 
with placebo and 32-9 per cent with nifedipine. 
Intervals between treatment and the first exercise 
thereafter were very variable over the group (10 to 
36 minutes) but relatively constant for each patient. 
The corresponding improvements for group B 
were 5:8 per cent (day four) and 7-7 per cent (day 
five). 

In group A the time interval between giving 
nifedipine and the longest exercise time before the 
onset of pain (maximum time) varied from 29 to 
140 minutes with a mean of 74 minutes (Table 4). 
The best times after placebo in the same patients 
were obtained between 15 and 141 minutes with 
an almost identical mean of 75-7 minutes. Thus, 
though there was an improved performance with 
nifedipine, the timing of the peak, on average, did 
not differ from that obtained with placebo. 

It had been our intention that on day five exercises 
should be continued until performance figures had 
fallen from the peak or maximum values to near 
base values; thereby we would have had an estimate 
of duration of action. Unfortunately, none of our 
patients taking nifedipine was able to exercise for 
more than twice after their peak values because of 
fatigue and only one of them, our poorest responder 
(case 12), had performance figures approaching 
base times. The last exercises were performed 
between 83 and 184 minutes after treatment 
(Table 4). 

In this acute study there were no significant side 
effects. One group A patient felt flushed and had 
mild headache both days but was worse on placebo. 
Another had headache on placebo but not on 
nifedipine. A third patient had dryness of the mouth 
on nifedipine. 


Discussion 


Tests involving reproducible exercise are frequently 
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Table 2 Exercise times of 14 patients with angina pectoris 
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Group A Group B 
Day 4 (placebo) Day 5 (nifedipine 10 mg) Day 4 (placeba) Day 5 (placebo) 
Case Case 
no Base Max Improve- Base Max Improve- no, Base Max Improve- Base Max Improve- 
time time ment time time ment time time ment ^  - time time ment 
(s) (s) (%) fs) (s) (%) (s) f(s) (%) (s) (s) (96) 
1 80 98 23 77 115 49 3 100 100 0 102 130 27 
2 80 95 19 10 122 74 5 70 100 43 100 175 75 
4 85 135 59 105 300 186 7 90 105 17 100 107 7 
6 105 113 8 112 190 70 8 62 73 18 52 65 25 
9 77 87 13 76 105 ' 38 10 85 95 12 105 102 -3 
12 118 126 7 133 155 17 11 67 75 12 68 64 -6 
13 130 148 14 133 205 54 14 80 84 5 88 95 7 
Mean 20 70 Mean 15 19 





used in order to assess the efficacy of antianginal 
drugs. Birkett and Chamberlain’ believe exercise 
studies to be of greater value than carefully designed 
prolonged double-blind trials. In long-lasting trials 
consumption of glyceryl trinitrate may inadequately 
reflect changes in effort tolerance, particularly in 
patients who limit its use because of side effects.® 
The frequency of attacks may not decrease with 
increased effort tolerance if this leads to greater 
activity, as shown in this study. A drug which 
increases effort tolerance should be of value to 
patients with angina pectoris even when, because 
of increased activity, neither the number of attacks 
nor the amount of glyceryl trinitrate consumed are 
reduced. An exercise study of the present design 
also involves each patient for a shorter time than a 
prolonged trial, so that he is off possibly more 
efficacious treatment for a shorter period and is, 
therefore, at less risk. 

Single stage tests’ ? may be more meaningful than 
multistage tests!? in quantifying changes in exercise 
performance, as they take account of haemodynamic 
responses induced by exercise. It has been shown 
that the triple product of heart rate x ejection x 
systolic aortic root pressure is proportional to 


myocardial oxygen consumption! !? and achieves a 
constant level for each patient at the onset of angina 
unless excessive workloads are used.? When a 
patient is exercised at a constant workload from 
rest, the rate of increase in triple product is maximal 
at the onset lessening as exercise continues and 
reaches a plateau with steady state in about four 
minutes.! The graphical recording of this response 
approximates to an inverted exponential curve 
(Fig. 1 and 2). Thus, if the level of triple product 
at which angina occurs is achieved early at a 
particular workload, any improvement caused by 
treatment may, on re-exercising at the same work- 
load, lead to only a short delay in the onset of 
symptoms (Fig. 1, At and A®; and Fig. 2, A). Con- 
versely, if the anginal threshold is reached at a time 
approaching the steady state the same therapeutic 
intervention would cause a much longer delay in the 
onset of pain and indeed, at that particular workload, 
might prevent its occurrence entirely (Fig. 1, B* 
and B?; and Fig. 2, B). It is thus misleading to regard 
the difference between the time of onset of angina 
pectoris before and after a therapeutic intervention 
as a linear measure of improvement. Indeed it will 
be seen that any such difference is of greater 


Table 3 Percentage improvement of first exercise time after taking capsule compared with pre-capsule exercise time 


(base time) and interval between taking capsule to exercise 








Group A Group B 
Case Day 4 placebo Day 5 nifedipine 10 mg Case Day 4 placebo Day 5 placebo 
no. ere ears: no. ee: 
% Min % Min 96 Min % Min 
1 22.5 19 42:9 18 3 -15 30 25.5 25 
2 12-5 15 42:9 12 5 42:8 17 75:0 22 
4 0 25 33-0 33 7 16:6 20 -15-0 29 
6 4°16 21 65:2 26 8 6:45 23 0 21 
9 -2-6 22 18-4 20 10 -2:6 22 -24-0 20 
12 17 36 16-5 27 11 -T5 35 -135 21 
13 138 13 11:3 10 14 0 22 0 15 
Mean 75 32:9 58 
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Table 4 Time interval between taking capsule and longest exercize time to demonstrate improvement; group A took 


placebo and nifedipine and group B took only placebo 








Group A 
Case Times of max time after taking capsule Duration of 
no, a A a a a MM ea a improvement 
Day 4 placebo Day 3 nifedipine day 5 {mini 
{min} 10 mg (mini 
l 20 40 111 
2 141 59 114 
4 135 140 120 
6 48 60 184 
9 85 83 124 
12 86 29 83 
13 15 107 107 
Mean 7577 74 





Group B 
Case Times of max time after taking capsule 
5o. a a iiit querit uiii iique qiii dieit gi: 
Day 4 placebo Day 5 placebo 
{min} ( min j 
3 126 60 
5 20 30 
7 21 81 
8 85 51 
10 109 69 
li 96 70 
14 50 81 
72:4 631 





significance if the time of onset of angina before 
the therapeutic intervention is of short duration. 
For example, an improvement of 20 seconds 
occurring when the time to angina is 80 seconds 
from the onset of exercise is of greater significance 
for suggesting improvement than a similar 20 
second delay occurring when the time from resting 
to angina pectoris before the therapeutic interven- 
tion is 180 seconds. 

From examination of the curves in Fig. 1 and 2, 
it will be seen that the ratio of the time to angina 
pectoris after therapeutic intervention to that 
before that intervention is almost constant for a 
particular patient at different workloads. The 
difference, maximum time minus base time, lessens 
with higher loads, but the ratio of the two remains 
fairly constant. This method makes feasible the 
comparison of improvements of different patients 
with different times to angina pectoris before a 
therapeutic intervention. It can only apply if the 
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Fig. 1 This applies to an antianginal drug which lowers 


peripheral vascular resistance and therefore triple product 
(TP) response to exercise, without altering TP at 
anginal onset, A! and B‘ are TP response of same patient 
before treatment to different work loads. A? and B? are 
the corresponding responses after the same treatment. 












Angira 
Thresnoids ~~ 
! 
Táple 
Product i 
ie at Ao a ay b? Steady 
Time State 


Fig 2 This applies to a drug which increases coronary 
arterial flow and therefore TP at anginal onset, leaving 
peribheral vascular resistance unaltered. 

(a*a? =: b°/b') more closely than a? — a = b? — bt, 


workload is constant and the same for both test 
drugs and placebo. 

The drawback of the method is that it requires 
tha: the times to the onset of angina under constant 
conditions should be reproducible within fairly 
fine limits. Otherwise, natural fluctuation plus 
the-apeutic effect may lead to steady state being 
reached before anginal onset. Moreover, the natural 
fluctuation and improvement previously mentioned 
are such that the patient has to be exercised several 
times before a work level is achieved which will 
precipitate angina pectoris every time between 80 
anc 120 seconds. In most of our patients this was 
achieved on exercise testing after two days, but in 
six of them a third day was required to achieve this 
reproducibility. In most patients the variation was 
over 50 per cent on the first day and it was not 
unt] day three that the results were reproducible 
with a 10 to 15 per cent range. 

The placebo response of between 15 and 20 per 
cen: in our patients is high for an acute study!?^?? 


340 


but may reflect the sensitivity of the method. 
Natural fluctuation in exercise tolerance and the 
tendency of it to improve after the first exercise 
could account for this. The close reproducibility 
of placebo response, however, increases the 
significance of the 50 per cent difference between 
nifedipine and placebo. This compares very 
favourably with similar studies carried out on beta- 
blockers.’ ® 

Subjective improvement, as shown by increased 
effort tolerance, was accompanied by a correspond- 
ing delay in the appearance of ischaemic ST segment 
depression or T wave changes in the effort electro- 
cardiogram, indicating that nifedipine acts by 
causing a reduction in myocardial hypoxia for a 
given degree of exercise, rather than by suppressing 
anginal pain. 

We were unable to give an accurate indication 
of the duration of action of nifedipine in the 
treatment of angina pectoris. As mentioned, we 
had planned that on day five exercises should be 
continued until the performance figures had fallen 
from the maximum values to near baseline values. 
None of our patients receiving nifedipine was able 
to exercise for more than two periods after their 
peak values because of fatigue, and only one of them, 
our poorest responder (case 12), had performance 
figures approaching base times. The last exercises 
were performed between 83 and 184 minutes after 
treatment (Table 4). Our results suggest, however, 
that the onset of action of nifedipine occurs after 
about 20 minutes, reaches a peak of activity at 
approximately one-half to two hours, and some 
effect may still be noted at three hours. This 
compares with a time of onset between five and 10 
minutes for sublingual glyceryl trinitrate or isosor- 
bide dinitrate, with a duration of action of approxi- 
mately 90 minutes and 120 minutes, respectively.!9 

It is of interest that though there was an improved 
performance with nifedipine, the timing of the 
peak, on average, did not differ from that obtained 
with placebo. Table 1 shows the development of 
this peak for both nifedipine and placebo-treated 
patients. It suggests that the observation is at least 
in part the result of the warm-up phenomenon. It 
will be noted, however, that the peak, as well as 
being higher, is maintained in those patients 
receiving nifedipine whereas it falls away in those 
receiving placebo. Maintenance of the improvement, 
therefore, appears to be associated with the active 
therapeutic intervention. 

Our findings suggest that nifedipine is an active 
antianginal agent and that its action is more 
prolonged than glyceryl trinitrate or isosorbide 
dinitrate. The evidence justifies its further clinical 
evaluation as an antianginal agent. 


Mcllwraith, Kidner, Oram 


The authors wish to thank Messrs. Bayer UK 
Limited for financial support, Dr C S Good for 
his help, and Dr D Cooke, senior lecturer in 
mathematics, University of Sussex, for advice with 
statistics. 


References 


1 Fleckenstein A, Tritthart H, Dóring HJ, et al. BAY 
a 1040—ein hochaktiver Ca-antagonistischer Inhibi- 
tor der elektro-mechanischen Koppelungsprozesse 
im Warmblüter-Myokard. Arzneim Forsch 1972; 22: 
22-33. 

2 Griin G, Fleckenstein A. Die elektromechanische 
Entkoppelung der glatten Gefüssmuskulatur als 
Grundprinzip der Coronardilatation durch 4-(2'- 
Nitrophenyl)-2,6-dimethyl-1, 4-dihydropyridin-3, 
5-dicarbonsáure-dimethylester (BAY a 1040 Nifedi- 
pine). Arzneim Forsch 1972; 22: 334-44. 

3 Vater W, Kroneberg G, Hoffmeister F, et al. Zur 
Pharmakologie von 4-(2'-Nitrophenyl)-2, 6-dimethyl- 
1, 4-dihydropyridin-3, 5-dicarbonsáuredimethylester 
(Nifedipine), BAY a 1040. Arzneim Forsch 1971; 22: 
1-14. 

4 Heeger H, Kahn P, Aldor E. Myocardial circulation . 
under Adalat in different phases of coronary diseases. 
In: Lochner W, Braaschw, Kroneberg G, eds. New 
therapy of ischaemic heart disease. Berlin, Heidelberg, 
New York: Springer-Verlag, 1975: 204—10. 

5 Kohler JA. The effect of Adalat on coronary circula- 
tion after sublingual administration. In: Lochner W, 
Braasch W, Kroneberg G, eds. New therapy of 
ischaemic heart disease. Berlin, Heidelberg, New York: 
Springer-Verlag, 1975: 234—5. 

6 Ekelund LG, Atterhog JH. Adalat and beta blockers; 
the mechanism studied with two series of work tests 
in two groups of patients with angina pectoris. In: 
Lochner W, Braasch W, Kroneberg G, eds. New 
therapy of ischaemic heart disease. Berlin, Heidelberg, 
New York: Springer-Verlag, 1975: 169. 

7 Birkett DA, Chamberlain DÀ. Beta-adrenergic 
blockade in angina pectoris: a method of treadmill 
assessment. Br Med 7 1966; ii: 500-2. 

8 National Research Council. Division of Medical 
Sciences Drug Efficacy Study. Final Report to the 
Commissioner of Food and Drugs, Food and Drug 
Administration. Washington DC: National Academy 
of Sciences, 1969: 161. 

9 Coltart DJ. Comparison of effects of propranolol 
and practolol on exercise tolerance in angina pectoris. 
Br Heart F 1971; 33: 62-4. 

10 Dagenais GR, Mason RE, Friesinger GC, Wender C, 
Ross RS. Exercise tolerance in patients with angina 
pectoris: daily variation and effect of pentaerythritol 
tetranitrate. John Hopkins Med 7 1969; 125: 301-11. 

11 Robinson BF. Relation of heart rate and systolic 
blood pressure to the onset of pain in angina pectoris. 
Circulation 1967; 35: 1073-83. 

12 Robinson BF. Mode of action of nitroglycerin in 
angina pectoris. Correlation between haemodynamic 





Effect of nifedipine on exercise tolerance in angina pectoris 


341 


effects during exercise and prevention of pain. Br 15 Christensson B, Karlefors T, Westling H. Haemo- 


Heart 7 1968; 30: 205—302. 
13 Redwood DR, Rosing DR, Goldstein RE, Beiser GD, 


dynamic effects of nitroglycerin in patients with 
coronary heart disease. Br Heart 7 1965; 27: 511-9. 


Epstein SE. Importance of the design of an exercise 16 Goldstein RE, Rosing DR, Redwood DR, Beiser GD, 


protocol in the evaluation of patients with angina 
pectoris. Circulation 1971; 43: 618-28. 

14 Wilson AG, Brooke OG, Lloyd HJ, Robinson BF. 
Mechanism of action of beta-adrenergic receptor 
blocking agents in angina pectoris: comparison of 


Epstein SE. Clinical and circulatory effects of 
isosorbide dinitrate. Comparison with nitroglycerin. 
Girculation 1971; 43: 629-40. 


action of propranolol with dexpropranolol and Requests for reprints to Dr S Oram, 120 Court 
practolol. Br Med 7 1969; i: 399-401. Lane, West Dulwich, London SE21 7EA. 


Br Heart F 1980; 44: 342-8 


Prospective study of heart disease in untreated 
maturity onset diabetics 


L M SHAPIRO, B A LEATHERDALE, M E COYNE, R F FLETCHER, 
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From the Department of Cardiology, and the endis of Diabetes and Endocrinology, Dudley Road 
Hospital, Birmingham 


SUMMARY Frequent abnormalities of left ventricular function were demonstrated by systolic time 
intervals and M-mode echocardiography in 69 maturity onset diabetics without clinical heart disease 
before and during standard hypoglycaemic treatment. 

The response of the ratio of pre-ejection period (PEP) to left ventricular ejection time (LVET) 
during the first two months of treatment identified two groups of patients. Group A had a normal 
or slightly raised ratio which fell with treatment. In group B the ratio was significantly higher and did 
not change even after four months treatment. The change in group A was thought to be a result of 
the improvement in blood glucose, as the correlation between the random blood glucose before treatment 
and PEP/LVET ratio was lost with reduction of hyperglycaemia. The persistently raised PEP/LVET 
in group B' suggested significant left ventricular dysfunction. 

Abnormalities of the diastolic closure rate and isovolumic relaxation time were frequently detected 
and in only nine of 69 patients were both within 2 SD from normal. They were more pronounced in 
group B and were significantly different from group À and normal subjects. 

Group B could be subdivided into six patients (group B,) with outward wall motion in isovolumic 
relaxation and delayed aortic valve closure caused by incoordination and nine (group B5) who did not 
show these changes. An exercise electrocardiogram was positive in two of five group B, patients and 
negative in the seven tested in group B. Three patients in group B, and one in group A had clinically 
apparent diabetic microvascular disease. 

Coronary artery disease was common and seven patients (six in group B, and one in group A) 
demonstrated left ventricular wall dyskinesis in the absence of symptoms; 11 of the original group 
of 110 were excluded because of symptomatic disease. A smaller group had slow ejection and 
relaxation, probably a result of increased left ventricular stiffness from myocardial involvement by 
diabetic microvascular disease. 


Cardiovascular disease is a major cause of mor- 
bidity and mortality in patients with maturity onset 
diabetes. ? Coronary artery disease is common! 
but diabetics can develop abnormalities of myo- 
cardial function with patent main coronary 
arteries,? * which may progress to cardiomyopathy 
and chronic heart failure. This may be part of the 
generalised microvascular disease which causes 
retinopathy, neuropathy, and  nephropathy.*^? 
Histological studies of myocardium have shown 
that abnormalities of small vessels? * 1? and capillary 
basement membrane" are common. No informa- 
tion is available on whether the duration of diabetes 
Received for publication 4 February 1980 


is important in the development of left ventricular 
dysfunction and chronic heart failure or if the 
progression of heart disease can be influenced by 
hypoglycaemic therapy. 

Systolic left ventricular function can be measured. 
by systolic time intervals and M-mode echocardio- 
graphic indices of ejection. Abnormalities of these 
have been shown in both diabetics without clinical 
heart disease? 8 (especially those with proliferative 
retinopathy and nephropathy) and patients with 
coronary artery disease,!? in whom it indicates a 
poor prognosis.!? Changes in systolic time intervals 
have been noted with treatment of recently diag- 
nosed diabetics.!4 Diastolic left ventricular function 


342 











Prospective study of heart disease in untreated maturity onset diabetics 


can be evaluated by measuring the time relations 
of various events in the cardiac cycle (aortic valve 
closure, mitral valve opening, and minimal dimen- 
sion) and the associated left ventricular wall 
motion.!* !5 Disturbed ventricular filling in young 
asymptomatic diabetics® and patients with hyper- 
tension’? can be differentiated from the segmental 
abnormalities which are the cause of impaired left 
ventricular function in coronary artery disease. 
This study was designed to investigate by simple 
non-invasive methods untreated maturity onset 
diabetics to determine the prevalence of left 
ventricular dysfunction and whether it is influenced 
by standard hypoglycaemic therapy and can be 
differentiated from coronary artery disease. 


Patients 


Consecutive patients between 30 and 65 years who 
presented to the Dudley Road Hospital Diabetic 





Carotid pulse 





| Pp 

| | ee 
Fig. 1 Simultaneous electrocardiogram {ECG}, 
phonocardiogram (PCG), and indirect right carotid pulse. 
Q- A;, electromechanical systole; LVET, left ventricular 
ejection time. 
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Clinic with clinical symptoms of diabetes and a 

random blood glucose greater than 11:1 mmol/l, a 

fasting glucose greater than 6:1 mmol/l, or a blood 

glucose greater than 11:1 mmol/l two hours after 

a 50g oral glucose tolerance test and who had 

received no hypoglycaemic therapy previously 

were considered for inclusion in the study. 

Initial assessment included clinical examination, 
electrocardiogram, chest radiography, and routine 
biochemistry (urea and electrolytes, liver function 
tests, and cholesterol), and patients with the 
following conditions were excluded: 

(1) Coronary artery disease, that is angina of 
effort or previous myocardial infarction. Rest- 
ing electrocardiographic abnormalities sugges- 
tive of ischaemic heart disease including 
infarction, bundle-branch block, and ST 
segment abnormalities. 

(2) Presence of a disease known to influence left 
ventricular function (thyroid disease, alco- 
holism, hypertrophic obstructive cardiomyo- 
pathy, and hypertension (BP > 145/95 mmHg). 

(3) Chronic heart failure, clinical heart disease 
(peripheral oedema, gallop rhythm, ausculta- 
tory abnormalities), and a cardiothoracic ratio 
> 55 per cent or other chest x-ray abnormalities 

(4) Peripheral vascular disease. 

(5) Heavy cigarette smokers > 20/day. 

(6) Hypercholesterolaemia (serum 
> 7-0 mmol/l). 


cholesterol 


Methods 


Systolic time intervals were obtained (after Weissler 
et al.) in the early afternoon on a Cambridge 
multichannel photographic recorder at paper speed 
100 mm/s. The Q - A, (time interval from Q wave 
of the electrocardiogram to the onset of the aortic 
second heart sound) and left ventricular ejection 
time (LVET) were measured in ms (Fig. 1) and 
the following were derived: 


Pre-ejection period (PEP) = (Q ~ A) - LVET 
and ratio of PEP/LVET 


The latter ratio was used and not the heart rate 
corrected indices because of the wide range of 
resting heart rates in the diabetic subjects. 
Echophonocardiography was performed with 
simultaneous electrocardiogram (standard lead 1I) 
in the partial left laterial position using an Ekoline 
SK20 Ultrasonoscope at paper speed 100 mm/s. 
The early diastolic closure rate was determined in 
mm/s from the slope E - Fo of the mitral valve at 
its point of maximal excursion. The isovolumic 
relaxation time was determined in ms from the 
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onset of the aortic sound to the point of rapid 
anterior motion of the anterior mitral valve cusp. 
Left ventricular dimensions in diastole (DD) (at 
R wave of electrocardiogram), minimal dimension 
(DS), and at the point of mitral valve opening were 
determined. The time interval between the aortic 
second sound and minimal dimension was measured 
(Fig. 2). The following were derived: 


DD-DS 
DD 


a fractional shortening 100 


"5 dimension change during isovolumic period 


dimension at mitral valve opening - DS 
DD-DS 





100 


When required, a continuous multistage exercise 
electrocardiogram was performed using a graded 
bicycle ergometer with an initial workload of 300 
kpm/min rising by increments of 300 kpm at three 
minute intervals. The electrocardiogram was con- 
tinuously monitored and sampled at three minute 
intervals until 85 per cent predicted maximal heart 
rate was achieved, and during nine minutes rest. 

All patients while on treatment had a reassess- 
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Fig. 2 Left ventricular echocardiogram of normal 
subject with simultaneous electrocardiogram (ECG) and 
phonocardiogram (PCG). DD, diastolic dimension ; 

DS, systolic dimension; DMVO, dimension at mitral 
valve opening ; Y , isovolumic relaxation time; X, interval 
from aortic second sound to minimal dimension. 
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Table 1 Age and sex of groups {mean +-SD) 





All Group A Group B Normal Anga 
untreated 
diabetics 
n=69 n= oF no FS 
Age (y) 5425 55 «3 53 +2 
Sex F 37 29 8 
M 32 25 7 





ment of clinical features, blood glucose, echo- 
cardiogram, and systolic time intervals at approxi- 
mately two months, and a selected group at four 
months. 

Echocardiography and the determination of 
systolic time intervals were also performed in two ` 
age- and sex-matched control groups (Table 1): 
(1) 50 normal subjects; (2) 25 patients with typical 
angina of effort without clinical or electrocardio- 
graphic evidence of myocardial infarction or 
cardiomegaly on radiography. 

'The echocardiograms and systolic time intervals 
were numerically coded by an independent observer 
and interpreted blind by LMS. 

Pearson's correlation coefficient and paired and 
Student's t tests were used to analyse the differences 
between the incremental and prevalence scores. 


Results 


One-hundred-and-ten patients presented during 
the course of thg study of whom 41 were excluded 
(11 with coronary artery disease, nine with hyper- 
tension, three with. peripheral vascular disease, 
four with previous thyroid disease, three heavy 
smokers, one with acromegaly, one with chronic 
heart failure, eight poor echocardiogram quality, 
and one with a calcified bicuspid aortic valve). 
Among those included in the study, two patients 
had background retinopathy, one had significant 
proteinuria, and one had a sensory peripheral 
neuropathy. The values quoted are mean one 
standard deviation. 

In the untreated group PEP/LVET (0-36 - 0-06) 
was significantly different from the normal subjects 
(0.31 «0:004, p «0:00D. The wide range (0:26— 
0:50) of values correlated with the random blood 
glucose (Fig. 3) (r= 0:72 p « 0:001). After two 
months of treatment the correlation coefficient fell 
to 0:36 (not significant) with a reduction in blood 
glucose values. 

The distribution of PEP/LVET values before 
treatment was slightly positively skewed. Though 
there was only an insignificant change of PEP/ 
LVET ratio in the total group (0:36 0-09 to 
0-34 0-07) during initial treatment, a bimodal 
distribution within the sample became evident and 
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identified two subgroups of patients with no overlap 
of values, designated groups A and B. Group A 


range of the control group or which became normal 
at the two month review (pretreatment 0-34 +.0-04 
and review 0-30 0-02); the change is significant 
(p « 0-01). Group B (n —15) had a higher pretreat- 
ment PEP/LVET ratio which did not significantly 
change with treatment (pretreatment 0:43 +.0-04, 
review 0:46 0-02). Both values were significantly 
different from the control group and group A 
(p«0:001). After four months’ treatment the 
PEP/LVET ratios were unchanged (0:45 0:03) 
(Fig. 4). The diastolic closure rate was reduced in 
42 of 69 of the diabetic patients (more than 2 SD 
from normal) and the isovolumic relaxation time 
was prolonged in 58 of 69; both were significantly 
different from normal (p « 04001) and there was no 
change with treatment. The diastolic closure rate 
and isovolumic relaxation time were significantly 
different in groups A and B (p < 0:001) (Table 2). 
It was possible to subdivide group B into those 


, With a significant dimension change during iso- 


olumic relaxation and associated delayed aortic 


f valve closure, group B, (n —6), and those without, . 


group B, (n —9) (Table 3). One patient in group 
A demonstrated significant dimension change. 

The left ventricular dimensions and fractional 
shortening were normal in all but five patients. In 
three (one each in groups A, B,, and B») the dia- 
stolic dimension was greater than 60 mm (2 SD 
from normal); in the patient in group B, there 
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Fig. 3 Correlation of PEP/LVET ratios and blood 
glucose in untreated diabetics. n 69, r= +-0-72 
(p « 0-001). 
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Fig. 4 Control values and change in PEP/LVET ratio 
in created diabetics (mean +- SDJ. 


was reverse septal motion and reduced fractional 
shortening. T'wo other patients showed a reduction 
in fractienal shortening from the normal of 33 + 
5 per cent to 14 per cent (patient in group B,) and 
16 per cent (patient in group A). 

Resting electrocardiographic abnormalities were 
present in ten patients: five had a mean frontal 
plane QRS axis greater than minus 30 degrees (two 
patients in B,, three in A), one patient in B, had 
poor progression of praecordial R waves, and four 
had inferior or lateral lead T wave inversion (two 
in A, one each in B, and B,). 

Án exercise electrocardiogram was performed on 
12 group B patients four months after presentation; 
none developed chest pain but two showed 2 mm 
ST depression in the lateral leads after achieving 
85 per cent of the maximal predicted heart rate; 
both were in subgroup B,. 

A significant fall in blood glucose (p«0:001) 
and relief of diabetic symptoms was achieved in 
both groups by treatment. Initial random blood 
glucose in group B (14-3 mmol/l) was greater 
than group A (11 -+0 mmol/l, p< 0:05) but there 
wes no difference at review (9 --3 and 8 «2 mmol/l, 
respectively). A similar proportion of group A 
(28 of 54) and group B (eight of 15) were assigned 
to oral hypoglycaemic agents, there was one patient 
on insulin in each group and the remainder re- 
qvired diet alone. Group B, contained all patients 
with clinically apparent microvascular disease 
except one with proteinuria who was in group A. 


Discussion 


Approximately three-quarters of diabetics in Great 
Britain are of maturity onset type and diabetes 
affects at least 1 per cent of the population. Heart 


S 


Shapiro, Leatherdale, Coyne, Fletcher, Mackinnon 








346 
Table 2 Systolic time intervals, diastolic closure rate, and isovolumic relaxation time in control and diabetic groups 
(mean +SD) $- 
Controls Diabetics 
Total group n=69 Group A n=54 Group B n=15 
Normal Angina 
n=50 n=25 Pre- Post- Pre- Post- Pre- Post- 
treatment treatment treatment treatment treatment treatment 
a b a,c, d acd 
PEP/LVET 0:31 30:004 0:34 0:06 0-36 0-09 0:34 40-07 0:34 40-04 0-3 40-02 0-43 x0-04 0-46 0-92 
a a a f a a a,c, d acd 
Diastolic closure rate 90 +24 68 x20 59 +26 62 +21 70 +12 69 +11 47 x14 50 +11 
(mm/s) : 
e a a a a a, d a, f, d 
Isovolumic relaxation 58 +9 75 +23 84 +22 85 +24 71314 69 +15 92 +20 95 +16 


time (ms) 





a, Difference from normal, p «0:001. b. Difference pre- and post-treatment in group A, p «0-01. c. Difference from angina group, 
p<0-001. d. Difference between groups A and B, p «0-001. e. Difference from normal, p «0-01. f. Difference from angina group, 


p«001l. ` 


disease is a major cause of morbidity and mortality 
in this group. We have studied 69 maturity onset 
diabetics before and during treatment and have 
shown frequent abnormalities of left ventricular 
function by non-invasive techniques. 

Systolic time intervals are a non-specific indicator 
of left ventricular systolic function. The response of 
PEP/LVET identified two groups of patients: in 
group A PEP/LVET was slightly raised or normal 
and fell with treatment, in group B it was signifi- 
cantly higher at presentation and did not change. 
These results confirm the presence of abnormal 
systolic time intervals previously reported in 
diabetics before and during initial treatment," !* 
but the specific changes were different from the 
latter study probably because of the dissimilar 
sample investigated. Though unexpected because 
of the wide daily fluctuations in blood glucose, the 
correlation between the PEP/LVET and random 
blood glucose before treatment indicates a relation 
between the degree of glucose intolerance and left 
ventricular dysfunction particularly as it was lost 
with treatment. We suggest the changes in group 
A are directly the result of the metabolic effects of 


hyperglycaemia and are similar to the improve- 
ments in abnormal motor conduction velocities! 
and platelet function!? that have been noted with 
the initial control of diabetes. The persistently 
raised PEP/LVET in group B is evidence of 
significant left ventricular dysfunction which was 
confirmed by analysis of the diastolic function. 
'The diastolic closure rate and isovolumic relaxa- 
tion time have a complex underlying mechanism 
and show the presence of a non-specific abnormality 
in early diastole related to filling and relaxation; 
they are abnormal in many conditions which 
affect the left ventricle, such as coronary artery 
disease,?° hypertrophic obstructive cardiomyo- 
pathy,? and hypertension.!® ?? We demonstrated a 


.correlation between these variables (r = —0-73, 


p«0:001) in the wide range of values. Group B 
was significantly different from group A and the 
normals (p « 0:001) which confirms the presence of 
abnormal left ventricular diastolic function. 
Coronary artery disease usually produced ab- 
normalities of left ventricular function because of 
the segmental nature of myocardial ischaemia. 
Contraction loses its co-ordinate mechanism and 


'Table3  Diastolic abnormalities in untreated maturity onset diabetes (mean+ SD) 








Normal Angina Group A Group B Group B, Group B, 
n=50 n=25 n=54 n=15 n=6 nop 
Relation of aortic valve closure to minimal a a,b a a c d 
dimension* (ms) —40 +12 —1::23 —16 +12 -—19 x33 +1418 —34 413 
Outward wall motion in isovolumic period as gd 
percentage total dimension change 0 16411 7412 12 415 2547 442 


a. Difference from normal, p «0-001. b. Difference from angina, p «0-01. c. Difference from angina, p « 0-001. d. Difference group B, 


from B., p «0:001. 


* If negative aortic valve closure precedes minimal left ventricular dimension, 
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this delays aortic valve closure to the time of 
minimal left ventricular dimension, prolongs the 
PEP (index), and increases PEP/LVET.!* A 
similar incoordinate mechanism in diastole pro- 
duces a dimension change between minimal left 
ventricular dimension and the delayed mitral valve 
opening and, though specific, is an insensitive 
method of detecting coronary artery disease. 
Significant outward motion with delayed aortic 
valve closure was seen in group B, and in one patient 
in group A. Patients in group B, also had persist- 
ently abnormal PEP/LVET and one had reverse 
septal motion and reduced fractional shortening. 
"There were resting electrocardiographic abnormali- 
ties in four, and in two of the five patients tested 
there was lateral ST depression on an exercise 
electrocardiogram. 'There seems no doubt that this 
group has asymptomatic coronary artery disease 
and the abnormalities are a result of left ventricular 
wall dyskinesis; this fairly gross form of coronary 
artery disease probably indicates a poor prognosis. 
The absence of a history of angina or myocardial 
infarction. tends to corroborate the epidemio- 
logical? and necropsy?' evidence which suggests 
that diabetics have a high incidence of unreported 
myocardial infarctions. 

In contrast, group B, had similar abnormalities 
of PEP/LVET, diastolic closure rate, and isovo- 
lumic relaxation. time but aortic valve closure 
always preceded minimal left ventricular dimension, 
and though mitral valve opening was delayed there 
was no outward wall motion. These abnormalities, 
which are similar to those described in hyperten- 
sion and young diabetics,* are significantly 
different from group B, and the anginal control 
group. Thus the patients in group B, demon- 
strated slow ejection and relaxation without the 
incoordination associated with coronary artery 
disease. This diffuse left ventricular involvement 
was present in 13 per cent (nine of 69) of maturity 
onset diabetics at presentation and was not in- 
fluenced by hypoglycaemic treatment. It is not 
possible to exclude the presence of coronary artery 
disease without coronary arteriography which we 
could not ethically justify, but seven of the group 
were exercise tested and none had a positive test. 
Myocardial histology in diabetics often shows 
extravascular connective tissue infiltration’® and 
small vessel abnormalities? * as a manifestation of 
microvascular disease. These abnormalities would 
be expected to increase left ventricular stiffness 
and produce the slow ejection and relaxation that 
we have shown. Three of the nine patients had 
clinically obvious microvascular disease, and it is 
well known that microvascular disease can be 
detected by fluorescein angiography?? and renal 
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biopsy? in the absence of clinical evidence of 
disease. It seems likely that the abnormalities in 
group B, are a result of myocardial involvement by 
diabetic microvascular disease. 

Diastolic abnormalities were more frequent than 
those in systole, and 60 of 69 patients had either 
the diastolic closure rate or isovolumic relaxation 
time outside two standard deviations from the 
normal. There is a spectrum of abnormality from 
slight prolongation of isovolumic relaxation time 
and reduced diastolic closure rate with normal wall 
motion to the more pronounced abnormalities 
suggestive of coronary artery disease and asympto- 
matic cardiomyopathy. Whether the diastolic 
abnormalities in group A which are at the lower 
end of the range are the result of either or both of 
these disease processes is speculative, but there was 
no clear differentiation between the two groups 
and in only one patient was there any evidence of 
incoordinate relaxation. Maturity onset diabetes 
often has an insidious onset with persistent hyper- 
glycaemia*’ and this is a risk factor for coronary 
artery disease,’ but the patients were selected 
because of normal serum cholesterol and blood 
pressure and moderate smoking habits, and though 
there were seven patients with asymptomatic 
coronary artery disease the probability of significant 
coronary artery disease in group A is low in the 
absence of clinical symptoms.?? Therefore many 
diabetics may have lesser degrees of myocardial 
involvement of the type discussed above. 

We have shown a range of abnormalities of left 
ventricular function in diabetics at presentation. 
Incoordinate left ventricular function was detected 
in seven and there was symptomatic coronary 
artery disease in 11 of the original sample. Therefore 
coronary artery disease occurred frequently, ie 
16 per cent or 18 of 110, of whom seven had no 
chest pain, and as incoordination, clinical history, 
and resting electrocardiogram are insensitive 
methods of detecting coronary artery disease, this 
is an underestimate of its true incidence and 
emphasises the frequent association of diabetes and 
coronary artery disease. Group A showed frequent 
non-specific diastolic abnormalities, the cause of 
which is unknown. Nine patients had diffuse left 
ventricular disease with slow ejection and relaxation 
with no evidence of coronary artery disease, which 
is suggestive of a myopathic process related to 
diabetic microvascular disease. Long-term follow- 
up is in progress to determine the prognosis of 
group B, patients and whether group B, patients 
will develop clinically apparent microvascular 
disease earlier than other patients or progress to 
chronic heart failure as predicted from the 
Framingham study.* 
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Non-surgical extraction of a broken catheter sheath 
lodged in the right atrium, using a Dormia ureteral 


stone dislodger 


P. L. WAHI, K. K. TALWAR, AND R. P. 


SAPRU 


From the Division of Cardiology, Department of Medicine, Postgraduate Institute of Medical Education and 


Research, Chandigarh, India 


SUMMARY A broken Desillets Hoffman (DH) sheath which had lodged in the right atrium was 
extracted with the help of a Dormia ureteral stone dislodger. A critical appraisal of various non-surgical 
methods used so far to remove foreign bodies from the heart and great vessels is presented. 


Intravascular catheterisation is widely practised in 
intensive care units and other hospital services as 
well as in the traditional cardiac catheterisation 
laboratories. Often foreign materials are left in the 
circulation at various points for a considerable 
length of time. Consequently the loss into the 
circulation of various fragments of catheters or 
ancillary materials (during placement or later) is 
being increasingly encountered. Removal is neces- 
sary in view of the dangers of septicaemia, arrhy- 
thmias, perforation, myocardial damage, throm- 
boembolism, and sudden death (Harken and Zoll, 
1946; Lassers and Pickering, 1967). Surgical re- 
trieval of materials inside the heart carries a sub- 
stantial risk of morbidity and perhaps even mor- 
tality. Various ingenious methods have, therefore, 
been used in an attempt to avoid thoracotomy for 
such iatrogenic complications. We report our 
experience with the retrieval of a Desillet Hoffman 
sheath from the right atrium and briefly appraise 
other methods. 


Case report 


A 22-year-old man was admitted to the cardiology 
service of the Nehru Hospital of this Institute for 
the investigation of repeated attacks of paroxysmal 
atrial tachycardia. The surface electrocardiogram 
showed type B WPW syndrome. In the course of 
percutaneous catheter placement for electrophysio- 
logical studies the entire body of a Desillets Hoffman 


(DH) sheath became detached from its head and 
lodged in the right atrium (Fig. 1). Attempts to 
remove it with various manoeuvres, including 
myocardial biopsy forceps, were unsuccessful. 
A Dormia ureteral stone dislodger was introduced 





X-ray film of chest, anteroposterior view 
showing the Desillets Hoffman sheath in the right 
atrium. The outline of the sheath has been drawn in 
with a dotted line. 


Fig. 1 


349 


350 


through the right antecubital vein and advanced into 
the right atrium, and the sheath was entrapped in 
the basket and extracted. 


Discussion 


Non-surgical removal of a foreign body from the 
circulation was first reported by Thomas er al. 
(1964) who recovered the broken segment of a 
spring guide wire from the right atrium with a 
bronchoscopic forceps. Since then various devices 
have been used with some success. 


GRASPING FORCEPS 

Earlier reports advocated the use of bronchoscopic 
grasping forceps (Thomas et al., 1964; Bloomfield, 
1971). However, this technique is of limited use 
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because grasping forceps are rigid and there is a 
danger of accidental perforation of blood vessels 
or cardiac chambers and damage to the valve ap- 
paratus. At present there is little support for the use 
of this instrument. 

The use of a bioptome, often readily available in a 
cardiac catheterisation laboratory, has been advo- 
cated (Kurita et al., 1972), but we found this of 
little value. The size and configuration of the 
grasping jaws clearly limits its usefulness, and the 
cutting edges may well bite through soft plastic 
materials. 


LOOPSNARE CATHETERS 
A doubled up guide wire inside a polythene catheter 
has been used to form a loop into which the foreign 
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Fig. 2. (a) The Dormia ureteral stone dislodger. Bottom row shows the complete catheter assembly. The 
middle row shows the closed end of the catheter at higher magnification. The top row shows the opened up 
strands of the basket when the metallic intruder is pushed out. (b) The Desillets Hoffman sheath retrieved 
from this patient is seen in a dummy operation within the closed catheter (top) and in the open basket 
(middle). The entire catheter assembly with open basket is shown at the bottom. 








Non-surgical extraction using a Dormia ureteral stone dislodger 


body may be snared for removal (Massumi and 
Ross, 1967; Ramo er al., 1968). The polythene 
catheter could be introduced percutaneously or 
through a cut down and advanced into the cardiac 
chambers or great vessels. Because of their encour- 
aging results such catheters are now available 
commercially (Curry, 1969) though they can easily 
be designed from materials readily available in 
any cardiac catheterisation laboratory. Custom 
built designs can thus be fashioned. Even a flexible 
preformed hook-ended snare has been used in 2 
cases (Rossi, 1970), 


BASKET CATHETERS 

Lassers and Pickering (1967) described the removal 
of a broken piece of guide wire from the aorta with 
the help of a Dormia ureteral stone dislodger intro- 
duced retrogradely from the femoral artery. There 
has been some concern at the possibility of perfor- 
ation of the great vessels or the cardiac chambers by 
the hard tip of the Dormia catheter (Bloomfield, 
1971; Block, 1973). Recently a similar catheter with 
a flexible filiform tip has been introduced 
(Drabinsky, 1976). Retrieval in our case was also 
possible with the Dormia catheter. When the inner 
steel core of the catheter (Fig. 2) is pushed out the 
helicoid strands open up into a basket cage into 
which the foreign body is carefully guided. With- 
drawal of the basket into the lumen of the sheath 
closes the basket thus gripping the foreign body 
which is removed along with the catheter (Fig. 2). 
The fairly large size to which the basket opens 
would allow a large piece of catheter fragment to be 
removed. A Dotter retrieval set (Dotter et a/., 1971), 
which is a modification of the Dormia catheter, can 
be introduced percutaneously and is now available 
commercially. We feel that this should be stocked by 
all cardiac catheterisation laboratories. 

Successful retrieval of foreign bodies from the 
right ventricle and pulmonary artery is reported 
with this catheter without any damage to valve ap- 
paratus and chordae tendineae (Dhingra et al., 1973). 
Indeed, non-surgical retrieval appears to be possible 
and should be tried before surgical intervention is 
sought. There do not seem to be any published 
figures to allow one to estimate the percentage of 
failures when non-surgical techniques are used. 
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Primary pulmonary hypertension: effects 


of nifedipine 
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SUMMARY The results of the medical treatment of primary pulmonary hypertension are usually very 
poor. À case of severe primary pulmonary hypertension in chronic heart failure was treated with the 
calcium antagonist nifedipine, a powerful vasodilator which acts directly on vascular smooth muscle. 
Nifedipine, administered in a dose of 20 mg sublingually, caused a pronounced fall in pulmonary and 
systemic vascular resistances (54 and 49%, respectively) and a rise in cardiac output (90-394). 
Improvement was maintained over a three-month period. These data suggest that nifedipine can be 


used in the treatment of this condition. 


Pulmonary arterial hypertension results from an 
increase in pulmonary blood flow, augmented 
resistance, or both. Primary pulmonary hyperten- 
sion, a rare disease of unknown aetiology and with 
a progressive fatal course, is characterised by 
increased pulmonary vascular resistance. Previous 
experience with vasodilators’? and subsequent 
morphometric studies* suggest that vasoconstriction 
is an important factor in the pathogenesis of the 
disease. The long-term treatment with the vaso- 
dilators used, howéver, gave poor results.59 To 
test new vasodilator drugs in this condition therefore 
seems justified. 

During the past few years, a new class of drugs 
has been introduced to treat cardiovascular dis- 
orders. These drugs have a common action on 
cellular membranes where they block the flow of 
‘calcium ions which takes place during the process of 
cellular excitation. We report our experience with 
one of these compounds, nifedipine, in the treatment 
of a patient with primary pulmonary hypertension. 


‘Case report 


A 34-year-old married woman had suffered 
frequent episodes of bronchitis after her second 
pregnancy four years previously. One year later 
she had experienced syncope during effort. Right 
and left cardiac catheterisation, performed two 
months later, showed pulmonary arterial hyper- 
tension (pulmonary arterial pressure 65/25, mean 
25 mmHg; pulmonary wedge pressure 12 mmHg; 
total pulmonary resistance 539 dynes s cm; left 
ventricular systolic pressure 140mmHg; left 
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ventricular diastolic pressure 12 mmHg; cardiac 
output 3-56 l/min). No other abnormality was seen. 
Her condition slowly worsened, with progressive 
dyspnoea at rest and during effort, exertional 
syncope and cyanosis, abdominal pain, and ankle 
swelling. 

In October 1978 the patient was admitted to our 
department. On examination she was cyanosed. 
The ankles were swollen and the jugular veins were 
engorged (venous pressure 10 cm above the sternal 
angle), with a predominant “a” wave. The pulse 
was small and the blood pressure was 90/50 mmHg. 
The liver was enlarged, tender, and actively 
pulsating. There was a sustained systolic lift in the 
third and fourth left intercostal spaces. On auscul- 
tation, a grade 3 pansystolic murmur, increasing on 
inspiration, was heard in the tricuspid area, the 
pulmonary component of the second sound was 
very loud, and a third heart sound was present. The 
electrocardiogram showed right axis deviation 
(mean QRS axis+120°), right atrial enlargement, 
and right ventricular hypertrophy with right 
bundle-branch block. The echocardiogram 
suggested severe pulmonary hypertension with 
increased end-diastolic pressure and enlargement 
of the right ventricle. The chest x-ray film showed 
cardiomegaly with enlargement of the right atrium 
and ventricle, severe dilatation of the pulmonary 
artery, and poor vascularisation of the lung fields 
(Fig. 1). 

She was treated with anticoagulants, digitalis, 
oxygen, and diuretics. While in hospital her 
condition worsened. In November 1978 the 
response to nifedipine was assessed; 20 mg was 


Primary pulmonary hypertension 


administered sublingually. Catheterisation showed 
a fall in total pulmonary resistance (mean fall 54",) 
and in systemic vascular resistance (mean fall 49”,,), 
with a slight decrease in mean pulmonary arterial 
pressure (mean decrease 14",) and a significant 
increase in cardiac output (mean increase 90-3"). 
These haemodynamic changes were evident 30 
minutes after administration of the drug and 
reached maximum values at the third hour (Table 1, 
Fig. 2). Six days later the patient was tested with 
diazoxide. The injection of 180 and 300 mg of the 
drug in the pulmonary artery caused a fall in total 
pulmonary resistance (30 and 36",, respectively), 
while no reduction was observed with 45 mg of 
the drug and only a slight fall (18",) with a dose 
of 90 mg. Mean pulmonary arterial pressure was 
unchanged after the drug administration. Diazoxide 
90, 180, and 300 mg caused an increase in cardiac 
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Fig. 1 


heart size is seen. 
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output (23, 45, and 51",, respectively) and a fall 
in systemic vascular resistance (27, 29, and 40*,, 
respectively). These changes were still evident one 
hour after the last injection of 300 mg diazoxide 
(Table 2). She began prolonged treatment with 
nifedipine 100 mg daily; the anticoagulants, digi- 
talis, and diuretics were continued. Her dyspnoea 
at rest disappeared, dyspnoea on exertion and 
cyanosis decreased, the ankle oedema resolved, and 
she was able to lead a near normal life. 

She was restudied after three months of treatment. 
Clinical examination showed slight pulmonary and 
tricuspid regurgitation and no signs of right heart 
failure. Chest x-ray film showed a reduction in the 
heart size (Fig. 1). Catheterisation, performed under 
basal conditions 12 hours after stopping the treat- 
ment, showed a reduction in pulmonary and 
systemic resistance and an increased cardiac output. 
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Chest x-ray film before a and after b three months of treatment with nifedipine. A moderate decrease in 





Table 1 Haemodynamic changes after nifedipine (first study) 
Heart rate Cardiac output Pulmonary arterial Total pulmonary Systemic arterial Systemic vascular 
beats min litres min pressure (mmHg resistance pressure (mmHg resistance 
Syst Diast Mean dynes s cm^? Syst Diast Mean dynes s cm ^? 

Basal 88 2:333 94 51 63 2255 95 65 73 2615 

30 86 3.80 80 42 50 1050 85 60 64 1344 

00 78 342 80 44 54 1252 87 60 70 1624 
120 102 4:60 80 48 55 955 90 60 70 1215 
180° 96 516 85 47 58 897 95 70 76 1176 





Factor for converting mmHg to kPa is 0-133; factor for converting dynes s cm 


! to kPas lis O1 
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The administration of nifedipine (20 mg sublingu- 
ally) produced a distinct fall in total pulmonary 
and systemic vascular resistances (mean fall 39-9 
and 265%, respectively) while cardiac output 
increased significantly (mean increase 3395). Mean 
pulmonary arterial pressure decreased (19-395) but 
there was no reduction in mean systemic arterial 
pressure. In addition, during this test the maximum 
effect was observed between the second and third 
hours (Fig. 2, Table 3). 
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CATHETERISATION PROCEDURE 

A number 7 Cournand catheter was inserted through 
an antecubital vein into the main trunk of the 
pulmonary artery and a polythene catheter was 
inserted into the femoral artery (Seldinger tech- 
nique). Pulmonary and systemic arterial pressures 
were measured by Statham transducers. Cardiac 
output was determined by the Fick technique, 
using a three-minute collection of expired air. 
Measurements were repeated until a steady state 
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Fig. 2 Haemodynamic changes after administration of nifedipine 20 mg. (A) first study ; (B) second study (three 


months after treatment with nifedipine 100 mg daily). 


Table 2 Haemodynamic changes after diazoxide 


————————————————————— á——— 


Heart rate 
(beats[ min) 


Cardiac output 
(litres| min) 


Pulmonary arterial 
pressure (mmHg) 


Total pulmonary 
resistance 


Systemic arterial 
pressure (mmHg) 


Systemic vascular 
resistance 





Syst Diast Mean {dynes s cm7*) Syst Diast Mean (dynes s cm^*) 
Basal 75 2:63 ' B6 45 54 1636 97 68 78 2364 
45 mg 78 2-64 95 45 58 1755 96 65 72 2179 
90 mg 78 3:24 98 45 54 1329 92 60 70 1722 
180 mg 78 3-83 95 45 55 1144 100 64 80 1665 
300 mg 78 3-98 90 38 52 1041 96 52 70 1402 





Factor for converting mmHg to kPa is 0-133; factor for converting dynes s cm-* to kPa s/l is 0-1. 











Primary pulmonary hypertension 


355 


Table 3 Haemodynamic changes after nifedipine (second study) 
MM MM ———— À—— € a a 








Heart rate Cardiac output Pulmonary arterial Total pulmonary Systemic arterial Systemic vascular 
beats/min) (titres! min} pressure (mmHg resistance pressure (mmHg resistance 
Syst Diast Mean {dynes s cm?) Syst Diast Mean snes s em?) 

70 438 94 45 62 1139 109 62 76 1375 

7 4:67 72 32 46 786 100 53 70 1196 

73 6:44 76 37 50 620 100 57 75 930 

74 6:24 80 33 50 640 102 54 69 883 

73 5:84 80 35 54 738 113 62 76 1038 





Factor for converting mmHg to kPa is 0:133; factor for converting dynes s cm^*? to kPa s/l is 0:1. 


had been reached; the mean between the last two 
values was considered as basal. Pulmonary and 
systemic resistances were derived from the follow- 
ing formulae: SVR = MAP « 80/CO, TPR —MPAP 
x 80/CO, where SVR, systemic vascular resistances 
MAP, mean arterial pressure 
(mmHg); CO, cardiac output (litres/min); TPR, 
total pulmonary resistances (dynes s cm-?); MPAP, 
mean pulmonary arterial pressure (mmHg), and 80 
is a factor for converting resistance units to dynes 
scm, 

For technical reasons, it was impossible to 
measure the pulmonary capillary wedge pressure 
accurately. 


Diazoxide test 

After basal measurements, 45 mg diazoxide were 
injected rapidly into the pulmonary artery. Five 
minutes later all measurements were repeated. The 
same procedure was then repeated for successive 
injections of 90, 180, and 300 mg diazoxide. 


Nifedipine test 
Basal measurements were recorded; 10 mg nife- 
dipine were then administered sublingually and 
again after another 15 minutes. All measurements 
were repeated 30, 60, 120, and 180 minutes after 
the first dose. 


Discussion 


The first reports on the acute effects of vasodilators 
in patients with primary pulmonary hypertension 
date to the early “fifties. Dresdale et al? and 
Gardiner? showed the efficacy of tolazoline in 
decreasing pulmonary vascular resistance in these 
patients, but oral treatment did not prove to be 
effective? * Other drugs with vasodilator action 
used in the treatment of primary pulmonary 
hypertension gave unsatisfactory results in most 
cases.” ? 1" 

Recently, the effect of the acute and chronic 
administration of diazoxide was studied in three 
patients with primary pulmonary hypertension": 
haemodynamic and clinical improvement was 
observed in two. Diazoxide, on the other hand, 


was ineffective in a fourth patient whose pulmonary 
hypertension was probably of embolic origin. 

During the past 10 years, several experimental 
studies have shown the distinct vasodilator effect of 
calcium antagonists. These compounds act directly 
on the smooth muscle cells with an inhibition of 
excitation contraction coupling and the consequent 
relaxation of variously induced contractures. This 
action is particularly effective on coronary, cerebral, 
and pulmonary arteries.'? The pronounced vaso- 
dilator action of calcium antagonist drugs is the 
basis of the haemodynamic mechanism by which 
these substances exert their therapeutic action in 
angina pectoris.!?-!5 

The action on peripheral resistance suggested 
also that these drugs may be useful in the treatment 
of systemic hypertension; in severe hypertension, 
Guazzi et al.'® found nifedipine to be comparable 
to trimetaphan, nitroprusside, or diazoxide, drugs 
already used in the treatment of hypertensive 
emergencies. 

The nifedipine mediated reduction in increased 
resistance accomplished through a direct action on 
vascular smooth muscle suggested that we should 
verify the effect of this drug in primary pulmonary 
hypertension. In the case studied, the acute 
administration of nifedipine sublingually produced 
a substantial fall in pulmonary and systemic resist- 
ances with a distinct increase in cardiac output. 
This was accompanied by a slight effect on pulmon- 
ary arterial pressure and no effect on systemic 
arterial pressure. The haemodynamic changes were 
already present at the first measurement 30 minutes 
after administration, and persisted for at least three 
hours (Table 1; Fig. 2). 

Diazoxide administered acutely via the intra- 
venous route was less effective: reduction in systemic 
and pulmonary resistances accompanied by an 
increase in cardiac output was appreciable only at 
the higher doses (180 and 300 mg), at which the 
systemic pressure was affected more than the 
pulmonary pressure. 

Chronic treatment with nifedipine led to an 
important reduction in symptoms, with no episode 
of syncope and a pronounced reduction in dysp- 
noea; the signs of right heart failure diminished. 
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The clinical improvement was confirmed by the 
haemodynamic findings at catheterisation after 
three months of treatment with nifedipine. This 
procedure also showed that the acute administration 
of the drug was still capable of producing a 
pronounced haemodynamic effect (Fig. 2; Table 3). 

At present, there are no other reported data on 
the use of calcium antagonists in the treatment of 
pulmonary hypertension, though in an experimental 
study McMurtry et al." showed the efficacy of 
verapamil in relieving the pulmonary vaso- 
constriction induced by hypoxia in isolated rat 
lungs. These authors suggested that calcium 
antagonists might block an inward movement of 
calcium ions secondary to hypoxia, which may 
induce vasoconstriction. Our experimental data 
show that nifedipine is particularly effective in 
reducing the raised pulmonary resistance character- 
istic of primary pulmonary hypertension. Its 
prompt and prolonged action, together with the 
few reported side effects, suggest the possibility of 
this drug being used in the chronic treatment of 
this disease. 

However, in primary pulmonary hypertension 
the response to this, as well as to other vasodilators, 
can be extremely variable from time to time and 
from one subject to another,? ? probably in relation 
to the type and entity of pulmonary arterial 
changes.!? Severe narrowing or obstructions of the 
pulmonary vessels caused by intimal fibrosis may 
substantially limit the vasodilator action of the drug, 
which should be most conspicuous when only 
vasoconstriction is present. 
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...@ different 
approach to 
Patient 
Monitoring 


Electronic monitoring is now an accepted part of patient 
care. ECG is the most regularly monitored signal and the 
table below approximates to the percentage of patients 
monitored electronically for the more common parameters 
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underlying perfusion deficit in ischaemic 
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mental option in the protection of the 
myocardium from the early consequences 
of ischaemia: that is to prevent calcium 
overload in the myocardial cell. 

Clinium* (lidoflazine) selectively blocks 
entry of excess calcium into the ischaemic 
myocardial cell,’ thus preserving normal 
contraction and relaxation. 

Cardiac output is maintained and with 
normal diastole, perfusion is maximised? 
As aresult Clinium* alleviates anginal 
symptoms, while enabling a markedly 
increased level of & E, 
exercise tolerance 
to be achieved by 
anginal patients? ^9 


Clinium 


(lidoflazine) 


aselective calcium antagonist that 
protects the ischaemic myocardium. 
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World-wide opinion is 
overwhelmingly in favour of _ 
more polyunsaturates. 


How can you help reduce the risk of coronary heart disease? 


Expert medical opinion is in general agreement that total plasma 
cholesterol levels are consistently and strongly predictive of 
subsequent CHD. 


The amount of cholesterol in the blood is influenced by a number 
of factors and these, of course, vary from person to person. One of the 
main factors, however, is the amount of fat - particularly saturated fat — 
in the diet. 

This is why the kind of diet widespread in the Western world is the 
subject of so much examination and comment. 

Since 1968, US and European expert committees have been * 
analysing dietary habits and they are unanimously agreed that the 
contemporary Western diet is too high in saturated fat. 
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All twenty of the committees shown above have concluded that 
the excess intake of dietary saturated fat should be reduced. Eighteen 
of them positively advise an increase in polyunsaturates. 


č The latest international recommendation* states: 


‘The proportion of saturated fatty acids in the diet should be 
brought into proper balance. To this end, the level of saturated fatty 
acids should be decreased to less than 10% of the total calories. 
Polyunsaturated fatty acids should supply up to 10% of the total calories, 
which can be accomplished easily: 

Flora margarine is made with pure A &- 
sunflower oil. 


It is higher in polyunsaturates 
than any other nationally available 
spread - and it's the lowest in 
saturated fat. 


*American Heart Association 1978. ‘Diet and coronar 


General dietary recommendation section 2 





Flora-high in polyunsaturates. 
The margarine that matters. 


For further information, please contact: Flora Information Service. 25 North Row, London WIR 2BY 


^ Contra-indications Mus 


arning and Preca 


You could have more Adalat patients than you think. 
There are many angina patients on nitroglycerin or 
beta-blockers who are still suffering several attacks a 
day. They believe that life is as good as it is likely to be 
and rarely complain. 


U.K. clinical experience! confirms that a prescription for 
Adalat, alone or in combination, could markedly reduce 
the number of attacks and improve exercise tolerance. 


Adalat enables angina patients to lead more nor mal 
lives because 


1. Myocardial 0, demand is reduced. 
2. Heart work load is reduced. 
3. 0, supply to the myocardium is increased. 


alat 


nifedipine 
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Coronary patient — early treatment ? 


A A JENNIFER ADGEY 


From the Regional Medical Cardiology Centre, Royal Victoria Hospital, Grosvenor Road, Belfast, N Ireland 


There are some 150000 deaths from coronary 
heart disease in the United Kingdom each year: 
55 000 of these occur in people aged less than 70 
years; approximately two-thirds take place outside 
hospital. The majority are sudden in that they 
happen within one hour of the onset of symptoms. 

Nine out of every 10 early deaths from coronary 
artery disease are the result of ventricular fibrillation. 
Both clinical and experimental evidence indicates 
that after coronary occlusion the magnitude of the 
infarct is likely to be determined within the first 
few hours and may be influenced in a salutary way 
by early therapeutic intervention. The objectives 
therefore of prehospital coronary care are to attack 
the problem of sudden death outside hospital and 
to provide treatment for the patient with acute 
myocardial infarction at the earliest possible moment 
after the onset of symptoms. 

In 1975 a Working Party of the Royal College of 
Physicians of London and the British Cardiac 
Society! stated that, “The Department of Health 
and Social Security (DHSS) and the Scottish Home 
and Health Department should actively encourage 
the development of mobile coronary care.... 
Doctor-manned mobile coronary care units should 
be developed wherever possible. In areas where 
this is not practicable a service manned by trained 
ambulancemen or other paramedical personnel 
should be developed. .. . A more positive approach 
to the problems of sudden unexpected death and 
to the high mortality in the first hours after a heart 
attack is necessary. More attention must be paid to 
the organisation of emergency medical services, 
including the provision of immediate coronary 
care.... Widespread instruction of the public in 
resuscitation should be encouraged as a further 
means of rescuing victims stricken by acute heart 
attacks. Such instruction could be carried out by 
trained laymen or medical personnel in schools, 
factories and large institutions." 

These recommendations of the Working Party of 


the Royal College of Physicians and British Cardiac 
Society have been ignored by the authorities to 
whom they were directed. Though many hundreds 
of prehospital coronary care schemes operate in 
North America,’ little or no attention has been paid 
in the UK to the emergency care of the coronary 
patient. The reason for this may relate to the policy 
of the DHSS.? That policy dictates that no further 
mobile coronary care units should be established 
in the United Kingdom since “no firm evidence 
has emerged that the use of specially equipped 
ambulances manned by ambulancemen who have 
received training in advanced techniques signifi- 
cantly affects the overall mortality rate of patients 
suffering from acute myocardial infarction". This 
policy has been instituted despite significant 
evidence in the United Kingdom from for example 
Belfast and Brighton, and from the United 
States. Using a rapid response system which 
serves a community of approximately 500 000 
people over an area of 90 square miles, Cobb's unit 
in Seattle (L A Cobb, 1979, personal communica- 
tion) resuscitated from ventricular fibrillation out- 
side hospital 110 patients in 1977, and 95 patients in 
1978, and discharged them home. If the annual 
heart disease mortality in Cobb’s area of Seattle 
is similar to that quoted by Eisenberg et al.’ and 
if recurrence of sudden death in the first year after 
resuscitation is allowed for, a reduction of 10 per 
cent in the community mortality in Seattle might 
be expected. 

The policy of the DHSS appears to result from 
the improper assessment and a misunderstanding 
of the results of the studies in Bristol? and 
Nottingham,’ both of which it financed. These 
studies purported to show that patients with 
myocardial infarction might be treated as success- 
fully at home as in hospital. The earlier study, that 
carried out in Bristol,? was criticised because of 
the small number of patients randomised and 
because patients were randomised late after the 
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onset of symptoms (median four hours!9) The 
Nottingham studies have also been criticised. One 
of these was carried out over a four-year period 
and covered a population of approximately 
100 000.° 1! In that area a doctor-manned mobile 
coronary care unit responded to calls from general 
practitioners to patients with suspected myocardial 
infarction. From the expected incidence of myo- 
cardial infarction,!2 some 1200 cases would have 
been anticipated in that population during the four 
years. Only 150 patients with a definite or probable 
myocardial infarction, however, were randomised 
to home or hospital treatment over this period. 
Thus, of the patients likely to have had a myocardial 
infarction over the period of study, only one in 
eight was randomised. From that study, Hill et a/.? 
concluded that, “for the majority of patients to 
whom a general practitioner is called because of 
suspected infarction, hospital admission confers no 
clear advantage". Yet Colling and Dellipiani,? 
without any education of their public, indicated 
that a general practitioner was called to 50 per cent 
of cases with a suspected heart attack within an 
hour of the onset of symptoms in their community. 
It is of interest that in the Nottingham study? over 
40 per cent of the patients with suspected myocardial 
infarction had contacted their doctor within one 
hour of the onset of symptoms and nearly 60 per 
cent within two hours. Nevertheless, the average 
time from the onset of symptoms to the arrival of 
the mobile team at the patient was three hours, and 
a further two hours elapsed before the randomisation 
was carried out. . 

In addition, in that study, Hill et al.® recorded 
that during the time between the patient's call for 
help and the arrival of the team, 14 patients had 
died, presumably suddenly. A further seven 
patients developed ventricular fibrillation after the 
arrival of the team; yet only three out of these 
survived six weeks. In contrast, 73 per cent of 
those patients who developed ventricular fibrillation 
outside hospital after the arrival of the Belfast 
mobile team survived to leave hospital. It has been 
made clear that the Nottingham patients, on 
admission to the coronary care unit, stay under the 
care of the general physician on duty that day.! 
The head of the unit considers his role to be that of 
an administrator and an educator.! The junior 
doctors manning the mobile coronary care unit are 
drawn from the general medical units of the 
hospital. This Nottingham experiment? showed no 
difference in the mortality between those managed 
at home and those in hospital when patients were 
seen late after the onset of symptoms. It has been 
suggested that the addition of a mobile coronary 
care unit to a hospital coronary care unit will reduce 
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the cumulative mortality from myocardial infarction 
over a four-week period by 17 per cent (8% CCU, 
9% mobile coronary care unit)* As has been 
confirmed in Nottingham, however, any reduction 
will be negligible unless early care is extended to 
the patient and it is both prompt and intensive. 

In another Nottingham study, Hampton and 
Nicholas‘ carried out a randomised trial between a 
mobile coronary care unit manned by trained 
ambulancemen and a routine ambulance offering 
routine care. Pozen!$ commenting on this study 
stated that, “the one reported attempt at a random- 
ised trial between mobile coronary care and routine 
ambulance care resulted in a skewed and uninter- 
pretable data set”. When the mobile coronary care 
unit was manned by trained ambulance personnel 
no patient became a long-term survivor from at- 
tempted resuscitation initiated outside hospital. Yet 
the authors concluded that, “until patients’ 
behaviour patterns change, the only way the mobile 
coronary care unit concept can usefully be extended 
in this country is probably by equipping every 
ambulance that deals with emergencies with a 
defibrillator and training the crew to use it". 
Inconsistently a year previously Hampton et al.!? 
stated that, “it is doubtful whether there would be 
any significant benefit from training ambulance 
crews to medical standards of drug administration 
and intubation”. 

The poor results of resuscitation from cardiac 
arrest outside the hospital in Nottingham are to be 
contrasted with more than 600 patients resuscitated 
from ventricular fibrillation outside hospital and 
discharged home in Seattle since 1970.8 The Seattle 
system used trained paramedical personnel. In 
Brighton, Mackintosh et al? reported that 40 


patients were resuscitated from ventricular fibrilla- 


tion outside hospital and were discharged home 
over a three-year period. Resuscitation was carried 
out by trained ambulance personnel. 

The major question to be answered is not whether 
patients with coronary attacks should be managed 
at home or in hospital, but how the early high 
mortality from ventricular fibrillation can be 
reduced. Reduction in delay between the onset of 
symptoms and the call for help is clearly imperative. 
In order that this delay is reduced to a minimum, 
constant education of the public regarding the 
symptoms of the coronary attack is essential. It is 
also important that the public should receive 
training in cardiopulmonary resuscitation. These 
educational programmes, however, must be sup- 
ported by an emergency care system which delivers 
trained personnel and equipment rapidly to the scene. 
If such a system is not available patients will not call 
for help within the early minutes of the attack. 
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Mobile coronary care units manned by doctors 
or paramedical personnel have successfully resusci- 
tated 8 to 44 per cent of patients from ventricular 
fibrillation outside hospital. !*!* These figures, 
however, are still small. In order to increase these 
to 50 per cent or more, the equipment and trained 
personnel must be readily available where the 
patient collapses. 

It has been estimated that the expected incidence 
of acute myocardial ischaemic attacks (including 
sudden deaths) is one or two cases per day per 
hundred thousand of the population.” In several 
areas throughout the United Kingdom interested 
general practitioners have for several years en- 
couraged their patients to call for help immediately 
after the onset of symptoms. They have arranged 
that there is the minimum of delay between the 
time of the call for help and the arrival of a doctor 
with the patient?! (and L C Cowley, 1979, personal 
communication). Several Health Centres are now 
ful equipped with a simple defibrillator and 
monitoring oscilloscope and the drugs required for 
the correction of arrhythmias. If defibrillators can 
be developed which sense ventricular fibrillation 
on paddle contact with the chest and only discharge 
a shock when ventricular fibrillation is present, 
then these instruments might even be available in 
homes of patients at risk, to be used by trained 
members of their family. 


Summary and conclusions 


While the negative attitude of the DHSS towards 
emergency coronary care in the UK continues, 
some 30 000 deaths from coronary artery disease 
occur annually outside hospital. The majority of 
premature deaths occur in middle-aged men of 
economic importance to the country and to their 
families. Coronary heart disease is the major cause 
of death in the Western world. The majority of 
deaths are sudden and result from ventricular 
fibrillation. Correction of ventricular fibrillation 
outside hospital is a practicable proposition. If the 
Seattle results were extrapolated to the UK, and 
allowing for the saving of lives in rural areas by 
trained general practitioners, then some 7500 lives 
might be saved annually in Great Britain. 
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Cardiovascular complications of homozygous 
familial hypercholesterolaemia 


J M ALLEN, G R THOMPSON, N B MYANT, R STEINER, C M OAKLEY 


From the Departments of Clinical Cardiology and Diagnostic Radiology, Royal Postgraduate Medical 
School, and MRC Lipid Metabolism Unit, Hammersmith Hospital, London 


SUMMARY. Seven patients with homozygous familial hypercholesterolaemia, two female and five male, 
aged 12 to 25 years, underwent clinical and angiographic assessment to define the associated 
cardiovascular abnormalities. Four patients had angina, two of whom also had syncope on exertion. 
All had an ejection systolic murmur but no ejection click and a loud aortic second sound. All but one 
had a systolic gradient between the left ventricle and aorta, ranging from 20 to 80 mmHg at the time of 
presentation. Angiography showed a characteristic narrowing of the aortic root in all and fiv> of the 
seven patients had coronary ostial stenosis. One patient died after an aortocoronary bypass and aortic 
valvotomy and two others underwent aortocoronary bypass and aortic valve replacement, one of whom 
also died after operation. The survivor and three other patients are now undergoing regular plasma 
exchange and remain well. The seventh patient died suddenly before the latter form of treatment could 
be started. These findings confirm that premature, severe atheroma of the aortic valve and root is a 


characteristic feature of homozygous familial hypercholesterolaemia and carries a high mortality. 


Early death from the cardiac consequences of 
premature atheroma is the usual outcome of 
homozygous familial hypercholesterolaemia.! ? In- 
herited as an autosomal dominant, this rare disease 
is characterised by very high plasma levels of 
cholesterol? and the development of cutaneous and 
tendon xanthomata in childhood.* We have studied 
seven patients with this disorder, in whom we have 
been able to document both clinically and angio- 
graphically a characteristic distribution of atheroma 
in the aortic root and coronary arteries. The severity 
of symptoms in two patients warranted aorto- 
coronary bypass and aortic valve replacement and 
a third underwent aortocoronary bypass with 
aortic valvotomy. 


Case reports 


CASE 1 

P A-S (born 17 July 1953) was a 23-year-old Greek 
Cypriot student whose early history has been 
described previously. Her parents were first 
cousins. Skin xanthomata had been noted at the 
age of 6 months but treatment for her hyper- 
cholesterolaemia was not started until the age of 9 
years. She first attended this hospital at the age of 
Received for publication 21 January 1980 


12 in 1966. At that time her serum cholesterol was 
above 26:0 mmol/l (1000 mg/dl) with a serum tri- 
glyceride of 0-50 mmol/l (45 mg/dl) She had 
bilateral corneal arcus and multiple xanthomata 
over elbows, knees, and ankles. Her arterial pulses 
were regular, but slow rising. Blood pressure 
130/70 mmHg. She had a loud ejection systolic 
murmur in the aortic area. 

In 1969, she developed typical angina. The 
electrocardiogram at this time showed sinus 
rhythm with left ventricular hypertrophy and 
widespread ST depression at rest. An exercise 
electrocardiogram was positive. 
` From 1969 to 1973, she received a variety of drugs 
(nicotinic acid, cholestyramine, Secholex, neomycin, 
clofibrate) which only partially controlled her 
hypercholesterolaemia. From 1974 she was treated, 
by monthly plasma exchange.5 At this time it was 
noted that she had a pronounced left ventricular 
heave and the aortic component of the second heart 
sound became palpable. She had a grade 3/4 
ejection systolic murmur in the aortic area with a 
thrill but no ejection click. 

In 1976 she underwent cardiac catheterisation 
and a pressure gradient of 75 mmHg was recorded 
across the aortic valve. Angiography showed a 
normally contracting left ventricle, but the aortic 
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root showed gross irregularity with ostia] narrowing 
of the left coronary artery (see Fig. 1). 

By February 1977 her angina had become more 
severe, with episodes of chest pain at rest, and she 
was admitted for cardiac surgery. At operation the 
aortic root was seen to be small with extensive mural 
atheroma. 'The aortic valve had soft mobile cusps 
which were somewhat thickened and were fused at 
one commissure. When this was divided the aortic 
valve órifice seemed adequate. Both: coronary ostia 
were very stenosed. Three grafts were inserted 
between the aorta and the anterior descending and 
circumflex branches of the left coronary artery, and 
the right coronary artery. She came off bypass 
easily but died on the second postoperative day 
from intraperitoneal haemorrhage. 


N RW MM NE 
AR / A 1 PA-S 
Fig. 1 Line drawings of aortograms of all patients are 
shown in comparison with the normal (N). The aorta 
normally expands in diameter as it reaches the aortic 
valve. In all seven homozygotes, aortography showed a 
characteristic irregular narrowing of the proximal aorta. 


This funnelling appears to be a distinctive feature of this 
disease. 


CASE 2 
Y M was a 23-year-old Zambian Asian (born 18 July 
1952) whose parents were also first cousins and 
whose family tree is shown below (Fig. 2). The 
symbol Q represents normal subjects; (d, and 
heterozygotes; and W, and @ homozygotes: 
values of serum cholesterol concentration are also 
shown. 

Achilles tendon xanthomata were first noted at 
. the age of 5 in 1957 and he subsequently developed 
xanthomata over the elbows. In 1969 he was 
started on cholestyramine and clofibrate in an 
attempt to lower his serum cholesterol but with little 
obvious benefit. At the age of 20 in 1972, he 
developed angina on exertion. 
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Fig.2 Family tree of YM (case 2) and of 
MM (case 3). 
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On examination he had bilateral corneal arcus 
and multiple large cutaneous and tendinous 
xanthomata. His pulse was 72 and regular. He had 
a wide pulse pressure, blood pressure 180/100 
mmHg. There was an obvious ejection systolic 
murmur and early diastolic murmur in the aortic 
area. Chest x-ray was normal. Electrocardiography 
showed sinus rhythm and pronounced left ventri- 
cular hypertrophy. The serum cholesterol was 16:8 
mmol/l (689 mg/dl). 

In July 1974, cardiac catheterisation (at The 
London Hospital) demonstrated a gradient across 
the valve of 30mmHg. Aortography showed 
irregular funnelling of the aorta down to the valve 
(Fig. 1) with some aortic regurgitation. Coronary 
angiography showed diffuse disease of the left 
anterior descending and circumflex arteries, together 
with severe narrowing at the origin and in the first 
centimetre of the right coronary artery. ` 

In December 1975, the patient was referred by 
Professor R Cohen for consideration for plasma 
exchange but died suddenly, aged 23, before this 
could be instituted. 


CASE 3 

M M is the 15-year-old youngest brother of case 2 
(Y M) (see family tree, Fig. 2); at the age of 5 
years he had skin lesions similar to those of his 
brother. In 1976, when he was 12, he first attended 
this hospital. Examination disclosed early corneal 
arcus and widespread cutaneous planar and tendin- 
ous xathomata. His pulse was regular and normal 
in character, blood pressure 110/70 mmHg, but 
he had bilateral carotid and femoral bruits. The 
aortic component of the second sound was loud 
and he had a grade 3/4 ejection systolic murmur in 
the aortic area. Chest x-ray was normal, electro- 
cardiography did not show any abnormalities, but 
echocardiography did disclose a thickened and 
narrowed aortic root. His serum cholesterol was 
19-0 mmol/l (735 mg/dl), triglyceride 0-9 mmol/l 
(80 mg/dl). 
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In January 1978, angiography confirmed that 
the aortic root was narrowed and irregular (Fig. 1) 
though cardiac catheterisation disclosed no gradient 
across the valve or supravalvular area. Coronary 
angiography showed a stricture in the proximal 
third of the left anterior descending artery (Fig. 3) 
but there were no ostial stenoses. 

He is now undergoing regular plasma exchange. 
He has remained well and has not developed any 
cardiovascular symptoms. 
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Fig. 3 Left coronary angiogram of MM 
showing a long stricture at the origin of the left anterior 
descending artery. The distal vessels are unaffected. 


CASE 4 

AR was born on 17 November 1950 of an English 
rather and Greek mother. Tendon xanthomata were 
first noticed at the age of 12 years. In 1970 at the 
age of 19 her serum cholesterol was 15:6 mmol/l 
(600 mg/dl), triglyceride 2:2 mmol/l (194 mg/dl). 
Examination showed no corneal arcus but she had 
multiple tendon xanthomata. Her pulse rate was 
80 per minute and of normal character, blood 
pressure 115/75 mmHg. She had bruits over the 
carotid arteries and in the aortic area, and a grade 
2/4 ejection systolic murmur. Chest x-ray and 
electrocardiogram were normal. 

She received various cholesterol-lowering drugs 
over the next five years but without much success. 
She then underwent a trial of plasma exchange® but 
this was abandoned after a year because of difficulty 
of venous access. 
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In 1975, she developed angina on exertion. 
Examination of the cardiovascular system disclosed 
no new signs. Resting and exercise electrocardio- 
grams were normal. Cardiac catheterisation showed 
a gradient across the aortic valve of 34 mmHg 
Angiography showed narrowing and irregularity of 
the aortic root. The left coronary ostium also was 
narrowed. 

In 1976, a portacaval shunt was carried out, as 
previously described, but unfortunately this 
procedure resulted in only a temporary fall in serum 
cholesterol (see Fig. 4). In December 1978, she 
developed severe central chest pain and syncopal 
attacks on exertion. Examination showed a change 
in the character of her pulse, which was now very 
slow in rising. Blood pressure was 110/70 mmHg. 
There was an obvious left ventricular heave, a grade 
3/4 aortic systolic murmur, and the aortic com- 
ponent of the second sound was loud. Electro- 
cardiogram showed obvious left ventricular hyper- 
trophy and an exercise electrocardiogram was 
strongly positive. Repeat catheterisation now 
showed a pressure gradient across the valve of 
130 mmHg and on angiography the left ventricle 
was very hypertrophied. 

She underwent cardiopulmonary bypass in 
February 1979. At operation patchy atheroma was 
seen in the ascending aorta but the sinuses of 
Valsalva had been virtually obliterated by large 
atheromatous cushions. The aortic valve was 
excised and the aortic root reconstructed with a 
Dacron graft to allow placement of a 23 mm 
Bjórk-Shiley valve. Three aortocoronary bypass 
grafts were inserted to the left anterior descending, 
circumflex, and right coronary arteries. 

After successful treatment of postoperative 
bacterial endocarditis the patient is now remarkably 
well and is undergoing regular plasma exchange 
via an arteriovenous fistula in the arm. 
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Fig. 4 Serial cholesterol levels in the patient A R 
(case 4) after a portacaval shunt (PC shunt). 
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CASE 5 

RW, a 23-year-old Englishman (born 21 March 
1953), was first noticed to have xanthomata at the 
age of 5 years. His family tree is shown in Fig. 5. 
He was initially treated with conventional 
cholesterol-lowering drugs (nicotinic acid, clofib- 
rate, and cholestyramine) by Dr E Jepson who 
subsequently referred him for plasma exchange in 
October 1975. 







9-7 
mmol/l 


RW Died MI ' 
age 19 

20.7 - 59 ^ 97 
mmol/t 


Fig.5 Family tree of RW (case 5). 


Examination showed bilateral corneal arcus and 
multiple cutaneous and tendon xanthomata. He 
had bruits over the carotid and femoral arteries; 


blood pressure 125/70 mmHg. There was a grade - 


3/4 ejection systolic murmur and the aortic com- 
ponent of the second sound was loud. Serum 
cholesterol was 20-7 mmol/l (795 mg/dl) and tri- 
glyceride 0-9 mmol/l (78 mg/dl). Chest x-ray was 
normal and electrocardiogram showed sinus rhythm 
and evidence of a previous anteroseptal infarct, 
with Q waves from V1 to V4. An exercise electro- 
cardiogram was negative. 

Cardiac catheterisation showed a gradient across 
the aortic valve of 40 mmHg. Angiography showed 
some apical dyskinesia and the aortic root was 
narrowed and deformed with gross irregularity 
(Fig. 1). Coronary angiography demonstrated two 
small strictures in the left main stem and one in 
the right coronary ostium. 

The patient was started on plasma exchange in 
1977 and he has remained well.’ 


CASE 6 ' 
DL is a 16-year-old English boy who presente 
with xanthomata around the elbows and heels at 
the age of 9 years. His family history is shown 
below (Fig. 6). He was treated for four years by 
conventional cholesterol-lowering agents and during 
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Died MI 
87 mmol/l 


Died 40 
MI 






95 mmol { 


DL Died 17 
sudden death 
71 mmol/l 156 mmol/l 
Fig. 6 Family tree of DL (case 6). 


this time his serum cholesterol fluctuated around 
15-6 mmol/l (600 mg/dl). 

He was referred to this hospital by Dr J Hall 
when he was 12 years old for consideration for 
plasma exchange. Examination disclosed bilateral 
corneal arcus and multiple cutaneous and tendon 
xanthomata. Pulse was of normal character, blood 
pressure 130/70 mmHg. He had no carotid bruits, 
but there was a loud ejection systolic murmur in 
the aortic area and a loud aortic component of the 
second sound. Chest x-ray, electrocardiogram, and 


exercise electrocardiogram were all normal, but | 


echocardiography showed a thickened and narrowed 
aortic root (Fig. 7). His serum cholesterol was 
20-6 mmol/1 (780 mg/dl) and triglyceride 1-1 mmol/l 
(97.mg/dl). 

Cardiac catheterisation showed a pressure 
gradient across the aortic valve of 20 mmHg. 
Angiography demonstrated funnelling and narrow- 
ing of the aortic root (Fig. 1). Both coronary ostia 
were narrowed. 

Regular plasma exchange was started in 1976 
and two cardiac catheterisations at annual intervals 
have shown the pressure gradient across the valve 
to be unchanged, as described elsewhere." 


CASE 7 

N E was a 19-year-old English student. Xanthomata 
were noted at the age of 18 months and by 74 
years (1968) he had extensive xanthomata and had 
developed angina. He was treated with clofibrate 
and cholestyramine but his serum cholesterol levels 
remained persistently raised between 17-6 mmol/l 
(675 mg/dl) and 25-2 mmol/l (975 mg/dl). In 1976 
he developed syncopal attacks and a 24 hour 
electrocardiographic tape recording showed periods 
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Fig. 7 Echocardiography of patient D L /case 6) in 
comparison with a normal child of the same age shows 
narrowing and apparent thickening of the aortic root 

and valve cusps. In addition there are many abnormal 
echoes within the aortic root suggesting distorted movement 
of the cusps. 


of sinus arrest, atrioventricular dissociation, and 
ischaemic ST changes. A pacemaker was implanted 
at St Mary’s Hospital, London. 

In April 1979, he was referred by Professor V 
Wynn for consideration for plasma exchange. He 
complained of increasing angina on exertion, and 
had continued to suffer syncopal attacks. Examina- 
tion disclosed bilateral arcus, xanthelasma, and 
some xanthomata. His pulse was 72 and slow rising, 
blood pressure 100/60 mmHg. He had bilateral 
carotid thrills and bruits. The apex beat showed a 
distinct left ventricular heave. There was a systolic 
thrill over the praecordium and a grade 3/4 ejection 
systolic murmur. The aortic component of the 
second sound was very loud. Electrocardiogram 
showed demand pacing but the unpaced beats 
showed distinct left ventricular hypertrophy. 

Cardiac catheterisation showed a gradient across 
the aortic valve of 80 mmHg. Angiography indicated 
hypertrophy of the left ventricle. The aortic root 
showed widespread atheromatous deposits causing 
considerable narrowing and funnelling (Fig. 1 and 8) 
Coronary angiography showed strictures of the 
left anterior descending artery and proximal third 
of the right coronary artery. In June 1979, a Konno 
operation was carried out to widen the aortic 
root, and a 25 mm Bjórk-Shiley valve and three 
aortocoronary bypass grafts were inserted. Post- 
operative progress was complicated by bacterial 
endocarditis, and development of an aorto-right 
ventricular fistula. He subsequently underwent a 
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further operation to close the fistula; he died 
during the operation. 


Discussion 


Homozygous familial hypercholesterolaemia is a 
rare disorder," the estimated incidence in Western 
countries being less than 1:1 000 000. There have 
been a number of case series previously pub- 
lished!” !! but in none of these have the character- 
istic cardiovascular complications of the disease 
been fully documented. Though aortic stenosis has 
been recognised clinically and at necropsy,'* !! it is 
only in recent years that angiographic study of 
patients has been performed and described, and 
then only in isolated instances. The abnormalities 
which have been reported in individual cases include 
strictures of the coronary arteries,' aortic stenosis, 
and narrowing of the aortic root. U 

We have been able to study seven patients with 
homozygous familial hypercholesterolaemia. All 
were submitted at least once to cardiac catheterisa- 
tion and angiography in order to define precisely 
the cardiac abnormalities. 





Fig. 8 
characteristic funnelling and irregularity of the proximal 
aortic root. 


Aortography of patient N E (case 7) shows the 
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Three of the seven patients had no symptoms of 
cardiovascular involvement. The remaining four 
all suffered from typical angina. Two of them also 
had syncopal attacks on exertion. 

All the patients had a loud ejection systolic 
murmur in the aortic area, a well recognised clinical 
finding.!?^-7* In addition, each had a characteristic 
loud closure sound of the aortic valve. None had 
an ejection click. 

Electrocardiography showed an old anterior 
infarct in one patient (R W, case 5); a further four 
patients had or developed evidence of left ventri- 
cular hypertrophy. Three patients (M M, case 3; 
D L, case 6, and N E, case 7) were examined by 
echocardiography. In each of the three, the aortic 
root was shown to be narrowed and apparently 
thickened and the aortic valve movement was 
distorted. 

Aortography provides the best means of recognis- 
ing the typical cardiovascular features of this 
disease. In all patients the proximal aortic root was 
narrowed and its outline was irregular and funnelled 
towards the aortic valve (Fig. 1 and 8). This 
represents the accumulation of atheroma which is 
most noticeable in the sinuses of Valsalva and 
extends proximally to involve the coronary ostia 
and aortic valve cusps. Strictures were commonly 
seen in the proximal portions of the coronary 
arteries (Fig. 3) but the distal vessels were remark- 
ably free of disease. Catheterisation across the 
aortic valve recorded systolic pressure gradients 
ranging from nil in M M (case 3) to 130 mmHg in 
À R (case 4). : 

Pressure gradients between the left ventricle and 
aorta have been described in previous case 
reports,!# 26 but Wennevold and Jacobsen? con- 
sidered that the gradient in their patient was the 
result of the supravalvular narrowing. In all our 
patients the gradient was at valve level and no 
gradient could be shown above that site. The 
appearance of the supravalvular part of the aorta 
in our patients was similar to that described by 
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Wennevold and Jacobsen'* and it.seems unlikely 
that such a long but relatively slight degree of 
narrowing could be responsible for gradients of 
95mm which they observed. The aortic valve 
presumably cannot open fully because of athero- 
matous masses occupying the sinuses of Valsalva 
and it may be these rather than atheromatous 
deposits on the cusps themselves which determine 
the obstruction. 

The three patients without angina were found at 
cardiac catheterisation to have the lowest gradients 
across the aortic valve (Table) whereas the two 
patients with both angina and syncope had the 
highest gradients. It is noteworthy that case 4 was 
studied twice during the period 1975 to 1978 
during which her serum cholesterol was poorly 
controlled (Fig. 4). Over these three years, the 
gradient across the aortic valve increased from 34 
mmHg to 130 mmHg, her angina became more 
severe, and she developed the ominous symptom of 
syncope. : 

The loud closure sound of the aortic valve in 


-homozygous familial hypercholesterolaemia pre- 


sumably results from atheromatous involvement of 
the aortic cusps. The ejection systolic murmur 
probably represents turbulent flow through the 
narrowed aortic valve orifice as well as across the 
irregular and narrowed aortic root (Fig. 1 and 8). 
An ejection click is not heard but the loud aortic 
closure sound is characteristic. It is important to 
recognise aortic stenosis but its severity is difficult 
to assess clinically. The character of the carotid 
pulses may be altered as a result of atheromatous 
deposits within them and the form of the peripheral 
pulses may be modified by inelasticity of the large 
conducting arteries for the same reason. The aortic 
murmur may be lengthened by turbulence within. 
the aortic root and murmurs over the carotids may 
arise locally so that the murmur may be no guide 
to the severity of obstruction to left ventricular 
outflow. Left ventricular hypertrophy may be 
recognised by palpation and electrocardiography but 








Table Summary of initial cardiovascular findings in homozygotes 
Case Patient Sex Age when Angina Syncope Systolic Loud A, ECG LV aortic systolic 
no. studied (y) murmur pressure gradient 
(grade) (mmHg) 
1 PA-S F 23 + = 3/4 + LVH 75 
2 YM M 22 + ag 2/4 + LVH 30 
3 MM M 14 - — 3J4 T Normal 0 
4 AR F 25 + _ 2/4 + Normal 34 
5 RW M 22 ~ — 3/4 + Q waves, 40 
Vi-V4 
6 DL M 12 — 2/4 + Normal 20 
7 NE M 19 + + 3/4 + LVH 80 
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an atrial beat and ST-T wave changes may equally 
result from associated coronary ostial involvement. 
Narrowing of the aortic root and apparent thicken- 
ing can be shown by echocardiography, but multiple 
echoes from within the aortic box make assessment 
of the size of the aortic valve orifice difficult. 
Measurement of the left ventricular-aortic gradient 
remains essential and the rapid increase in severity 
as in case 4 underlines the need for serial measure- 
ments in these patients.’ The progression of aortic 
stenosis was heralded by worsening angina and the 
onset of syncopal attacks in our patients. These 
may lead to sudden death unless surgical relief is 
obtained; the surgery is complex and the operative 
risks are high. There is, however, now some 
evidence which suggests that effective control of 
the serum cholesterol by plasma exchange may 
prevent or delay the development of these 
complications. 

Maximal deposition of atheroma in the proximal 
part of the aorta is the reverse of the usual situation!* 
and is a unique feature of homozygous familial 
hypercholesterolaemia. Experimentally, lesions very 
similar to those found in homozygotes have been 
induced in rats made hypercholesterolaemic by 
diet.^ Studies in pigs and dogs! suggest that 
transendothelial flux of lipoproteins would be 
greatest in areas of greatest sheer stress, these 
being the sinuses of Valsalva, coronary ostia, and 
ascending aorta. Under normal circumstances, 
however, these regions are relatively free from 
atheroma possibly because efflux as well as influx 
of lipoproteins is thought to be promoted by high 
sheer stresses occurring at the arterial wall.?? 
Superimposition of extreme hypercholesterolaemia 
upon a normal haemodynamic background might 
be expected to enhance influx of lipoprotein 
cholesterol without necessarily promoting efflux. If 
so this could explain the premature onset and 
unusual anatomical localisation of atheroma in 
homozygous familial hypercholesterolaemia. 


We are grateful to Dr E Jepson and Professor V 
Wynn for allowing us to include the patients R W 
and N E, respectively. These patients were studied 
at this hospital but remained primarily under their 
care. 
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Assessment of prognostic factors in patients 


undergoing surgery for non-rheumatic 


mitral regurgitation 


S SALTISSI, A CROWTHER, C BYRNE, D J COLTART, B S JENKINS, 
M M WEBB-PEPLOE 


From the Department of Cardiology, St Thomas! Hospital, London 


SUMMARY Twenty-four patients who had undergone mitral valve surgery for pure non-rheumatic 
mitral regurgitation were studied non-invasively six months to six years postoperatively. The long-term 
results of operation were assessed on the basis of clinical history, echocardiography, and treadmill 
stress testing using a points scoring system. The score so obtained was used to divide the patients 
into those with a good response to surgery (group 1) and those responding poorly (group 2). The 
effects on the long-term surgical outcome of several intraoperative and preoperative factors were then 
analysed both. together and separately. 

A short symptomatic history (<1 year) a normal left ventricular end-diastolic volume index 
(<100 ml per m?), and a large post-ectopic potentiation of KV max (750 s) were found to be 
favourable prognostic factors when analysed independently. An angiographic ejection fraction <0-5 
was uniformly associated with a poor outcome, and 71 per cent of patients in atrial fibrillation at the 
time of operation also responded badly. In those patients with good long-term function, cold potassium 
cardioplegia was more commonly used than intermittent aortic cross clamping as the means of 
intraoperative myocardial preservation, though this difference did not reach conventional significance, 

A standard analysis of variance allowed assessment of length of history, left ventricular end- 
diastolic volume index, and type of valve prosthesis simultaneously. This indicated that both length 
of history and left ventricular end-diastolic volume index were highly significant prognostic factors. 
The use of a Bjérk-Shiley as opposed to a Starr-Edwards prosthesis also emerged as significantly 
favouring a good long-term result. 

The state of the left ventricular myocardium before operation and the type of valve prosthesis 
used were thus shown to be the prime determinants of surgical outcome in these patients. The optimum 
time for operation was shown to be within one year of the onset of symptoms, and before the left 
left ventricular end-diastolic volume index exceeds 100 ml per m?, or the ejection fraction falls to <0-5. 
At such a time, irreversible changes in myocardial function sufficient to negate the beneficial effects of 
mitral valve surgery have not yet occurred. 


The overall mortality and long-term functional study underwent operation. This improvement in 


capacity after mitral valve replacement have 
improved considerably since the operation was first 
performed successfully in 1960.1 Operative mortality 
has fallen from 18 per cent? to 2 to 5 per cent, with 
a late mortality of 10 to 16 per cent? * In this 
hospital, the 30 day mortality for all patients 
undergoing mitral valve replacement averaged 7-2 
per cent from 1976 to 1978, the period during 
which the majority of patients in the present 
Received for publication 31 March 1980 


mortality has been the result in the main of advances 
in intraoperative factors—principally surgical tech- 
niques, methods of myocardial preservation, and 
prosthetic valve design. Mitral valve replacement 
for pure mitral regurgitation, however, has been 
substantially less successful than for pure mitral 
stenosis—20 per cent versus 5 per cent early 
mortality.5 The poor results in these patients are 
associated with low cardiac output states post- 
operatively—almost invariably in those with long- 
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standing preoperative congestive heart failure and 
impaired left ventricular function at the time of 
operation. 

Two differing views have been forwarded to 
explain these unsatisfactory results. Kirklin? has 
pointed out that the timing of operation depends 
upon the relative risks of the uncorrected disease 
versus those of operation and prosthesis combined. 
The poor outcome of operation until recently has 
meant that operation has usually been delayed until 
symptoms were far advanced and refractory to 
medical treatment. At this stage, impairment of 
cardiac functional reserve resulting from long- 
standing regurgitation results in the myocardium 
being unable to compensate for the increased after- 
load which accompanies the sudden return of 
valvular competence by mitral valve replacement. 
In Kirklin’s view, since prognosis is now less 
influenced by surgical factors, operation ought to 
be advised earlier as its delay merely results in 
further myocardial impairment so contributing to 
operative mortality and chronic incapacity. The 
alternative view is that the events of prime prognos- 
tic importance occur during operation, not before it." 
Thus further improvement in results would be 
principally dependent upon advances in methods of 
intraoperative myocardial preservation and valve 
design. 

The purpose of the present study was to assess 
the influence of (a) intraoperative factors, and (b) 
the preoperative functional status of the left 
ventricle as determined by clinical, haemodynamic, 
and angiographic indices on the long-term surgical 
outcome of a group of patients with pure non- 
rheumatic mitral regurgitation. On the basis of the 
preoperative indices an attempt was made to define 
criteria which would indicate the optimum time for 
surgery in such patients. 


Table 1 Operative data and aetiology 
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Subjects and methods 


The study group consisted of 24 patients (15 men 
and nine women) who had survived mitral valve 
surgery for pure non-rheumatic mitral regurgitation 
and who consented to further investigation (Table 1). 
All patients were operated on from 1973 to 1978 
and in all cases at least six months and no more than 
six years had elapsed since operation. A further six 
patients who fulfilled the inclusion criteria either 
could not be contacted or refused consent. 

All 24 patients had undergone cardiac catheterisa- 
tion and data from left ventriculography were 
available in 20 of these. Patients with mitral stenosis 
or more than trivial disease of other valves were 
excluded, as were those with clinical or angiographic 
evidence of coronary artery disease preoperatively. 
In fact, 16 of the 24 patients had undergone 
selective coronary angiography and in these no 
critical lesions (>50% of the luminal diameter) 
were demonstrated. In the eight patients who did 
not have coronary angiography, the absence of 
coronary artery disease was not proven but was 
assumed on the basis of (i) lack of relevant symptoms 
and signs either preoperatively or between operation 
and restudy in all patients, and (ii) lack of wall 
motion abnormalities on left ventriculography in 
the four patients who had left ventriculography but 
not coronary angiography. 

All patients underwent non-invasive assessment 
consisting of the following: 

(a) Clinical history and aiuntuaton--pacicdlat 
attention being paid to symptomatology (New York 
Heart Association Classification: NYHA) and the 
degree of subjective improvement since operation. 
Clinical evidence of prosthetic valve dysfunction or 
paraprosthetic leak was sought. 

(b) M-mode  echocardiography—scanning was 











Age at Mean time Aetiology Operative procedure Mean total Duration of — Intermit- Cold K+ 
operation since opn. _ - bypass time ischaemia tent cardio- 
(mean x SEM) (mth) FVS IRCT SBE B-S S-E Other (min) (min) aortic plegia 
( +SEM) ( x SEM) (mean occlusion 
+SEM) 
Group 1 56:9 +3-9 30:4 45-4 7 2 1 7 1 1x xeno- 10714287 68:12:70 2 8 
(n=10) graft 
Group 2 57-2 +2-0 442 +47 il 2 1 4 8 1xL-K 98.8 48-8 46:1 442 9 5 
(n= 14) (8) a) 1x 
McGoon 
repair 
Total 571220 39.5 43-1 18 4 2 11 9 4 11 13 
(n =24) (13) (2) 





FVS, Floppy valve syndrome; IRCT, idiopathic rupture of chordae tendineae; SBE, subacute bacterial endocarditis; B-S, Bjórk-Shiley 
prosthesis; S-E, Starr-Edwards prosthesis; L-K, Lillehei-Kaster prosthesis; SEM, standard error of the mean. 
Figures in parentheses refer to the number of patients with ruptured chordae secondary to other pathology. 
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carried out using a Smith-Kline Ekoline 20 
ultrasonoscope with a 2:25 MHz focused transducer. 
Records were made on photographic paper at speeds 
of 25 to 100 mm/s. Echoes from the left side of the 
interventricular septum and the posterior left 
ventricular endocardium were first identified with 
the transducer angled caudally and laterally to a 
position just below the prosthetic valve echo. In this 
position, the internal diameter of the left ventricle 
was measured at the instant of peak inward motion 
of the posterior wall (systole, LVIDs) and at the 
electrocardiographic Q wave (diastole, LVIDd). 
The fractional shortening per cent (FS °,,) and the 
mean velocity of circumferential fibre shortening 
(mean Ver) were derived from the following 
formulae: 


LVIDd - LVIDs 
LVIDd 


FS % 100 


LVIDd - LVIDs 


and mean Vcr - 
LVIDd x ET 

where ET is the ejection time in seconds. This was 

taken as the interval between echocardiographic 

aortic valve opening and closure. If adequate aortic 

valve echoes were not observed, then ejection time 

was measured as the time from onset to peak 
posterior left ventricular wall motion.? 

The motion of the prosthetic valve and of the 
septum was noted and the presence of clot formation 
sought in order to assess prosthetic valve function 
and the presence or absence of paraprosthetic leak.? 

(c) Maximal exercise stress testing—this was 
performed on an Avionics E16 programmable tread- 
mill. The standard Bruce procedure of continuous 
three minute exercise stages was carried out and 
maximal exercise performance was encouraged by 
adopting a symptomatic end-point of chest pain, 
dyspnoea, or fatigue. The electrocardiogram was 
continuously monitored on an Avionics Exerstress 
3000 electrocardiograph system and nine lead 
printout (the six limb leads -- V4 to 6) obtained 
towards the end of each stage. The time-into- 
procedure achieved was noted and the functional 
aerobic impairment calculated from a standard 
nomogram. Maximal heart rate and systolic blood 
pressure were noted but not incorporated into the 
functional grading system (see below). 


GRADING OF POSTOPERATIVE FUNCTIONAL 
STATUS 

Since no single index of myocardial function is 
valid under all circumstances," a scoring system 
based on improvement in symptoms (change in 
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Table 2 Criteria underlying functional grading of 
postoperative status 





Functional score 





1 2 3 





NYHA classification Improvement No change 


by one class in class 


Improvement 
by two classes 
or to Class 1 








Mean circumferential 
shortening velocity 


(circ/s) 70-9 0:6-0:8 zr 
Time-into-procedure (min) 7-5 45-74 44 
Functional aerobic 

impairment (*,) <13 14-26 227 





total score << 
total score 29. 





Group 1 (good functional status) = 
Group 2 (poor functional status) = 





NYHA class), echocardiographic measurements 
(mean Vcr and FS ?5), and the results of exercise 
testing (time-into-procedure ; and functional aerobic 
impairment) was devised. Table 2 indicates the 
values for each of the five variables which were 
taken to indicate normal (score 1), mildly impaired 
(score 2), or grossly impaired (score 3) results. The 
final score reflecting functional status at restudy 
was obtained by adding up the individual scores 
for all five variables. For most analyses we con- 
sidered the patients in two groups: group 1 (total 
score <8) with good functional capacity indicating 
a satisfactory response to surgery and group 2 
(total score 2:9) with impaired functionali status in 
keeping with an unsatisfactory outcome. 


ASSESSMENT OF PREOPERATIVE STATUS 

Data were obtained from each patient's hospital 

records, operation notes, and cardiac catheterisation 

report. The following were considered. 

(a) Clinical—NYHA grading of dyspnoea; the 
duration of dyspnoea; and the preoperative cardiac 
rhythm. 

(b) Haemodynamic—the maximum and minimum 
values of the first derivative of the high fidelity 
Telco or Millar micromanometer pressure record- 
ings (max and min dP/dt) obtained by electrical 
differentiation. These were noted at rest and after 
an ectopic beat. 

—The maximum velocity of contractile element 
shortening < a stiffness constant (KV max). 
The values at rest and after an ectopic beat were 

derived using the micromanometer tracings from a 

plot of 


d Developed pressure 
dt 





log 
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against pressure," by an electronic processor.!? The 
post-ectopic potentiation was calculated by sub- 
traction. 


—-Cardiac index (CI) calculated as 
cardiac output (green dye) 
body surface area 
—Stroke volume index (SVJ) calculated as 
CI 
heart rate 


—Pulmonary vascular resistance (PVR) calculated 
as: 


Mean pulmonary artery pressure — mean 
wedge pressure 


Cardiac output (green dye) 


(c) Angiographic—the left ventricular cineangio- 
gram in the right anterior oblique projection was 
‘used for analysis. A computerised light pen system 
enabled the left ventricular end-diastolic volume 
index, stroke volume index, ejection fraction (EF), 
and peak Vcr to be derived. The percentage 
regurgitant volume (95 RV) was calculated as: 


angiographic cardiac output — green dye 
cardiac output 


angiographic cardiac output 





x100 


OPERATIVE DETAILS (Table 1) 

Mitral regurgitation was corrected surgically by 
McGoon mitral valve repair in one patient (case 21), 
while the remaining 23 patients had mitral valve 
replacement. Of these, 11 had Bjórk-Shiley disc 
prostheses, nine had Starr-Edwards (models 6320 
and 6400 ball and cage prostheses), and three had 
other types of artificial valve (detailed in Table 1). 
The choice of prosthetic valve type was based on 
the surgical preference current at that time and no 
selection on the basis of preoperative left ventricular 
function, left ventricular dimension, or severity of 
mitral regurgitation was made. 

With a single exception, the type of intraoperative 
myocardial preservation used fell into one of two 
regimens—either (i) mild systemic hypothermia 
(30 to 32°C) with intermittent aortic cross-clamping 
to produce ischaemic arrest (11 cases), or (ii) mild 
systemic hypothermia with cold potassium cardio- 
plegia using St. Thomas’ Hospital solution (1 litre 
of 4°C Ringer’s solution containing 16 mmol 
potassium chloride, 16 mmol magnesium chloride, 
and 1 mmol procaine) infused into the aortic root 
below the clamp over two to three minutes (13 
cases). With this regimen topical profound cardiac 
cooling was used by running Hartmann’s solution 


at 4°C through the pericardium. The one exception 
(case 9) had cold cardioplegia in an identical manner, 
but with coronary infusion of ordinary 4°C Ringer's 
solution in place of St. Thomas' Hospital solution. 


Statistical analysis 


Initially the results were analysed by Student's t test 
(paired when appropriate) for small sample sizes 
or by x? test with Yates' correction for small 
samples. Analysis of individual factors in this way, 
however, does not take into account the effect of 
interaction between the different indices. In order 
to do this, the functional score was used as the 
"response" variable and a standard analysis of 
variance approach? adopted. This was effected by 
means of a “generalised linear model" fitting 
program called GLIM available on the University 
of London computer. This program, however, 
assumes that the scores have an underlying Gaussian 
distribution. Since such an assumption is not 
necessarily valid, the response variable was turned 
into a dichotomy by dividing the results into two 
groups (group 1 with a good response and group 2 
with a poor response to surgery). In view of the 
relatively small numbers of patients in the study 
such a dichotomy resulted in there being insufficient 
data to analyse more than three factors simul- 
taneously. 

In the GLIM program a model incorporating 
the chosen factors is fitted to the given data. Each 
factor is then excluded in turn and any worsening 
of the fit between the remaining model and the data 
is assessed. Ín this way, the effect of each factor 
may be analysed having allowed for all others. 

'To obtain maximum information the results were 
analysed by all three approaches. 


Results 


The clinical, echocardiographic, and stress test 
results are shown in Table 3, together with the 
appropriate functional score for each index. 
Group 1 consists of those patients with a total score 
<8 and represents a good response to operation. 
Group 2 patients had a total score +9 indicating 
poor postoperative functional status. In none of the 
patients studied was there clinical or echocardio- 
graphic evidence of prosthetic valve dysfunction, 
clot formation, or paraprosthetic leak. 

'The results are presented in three sections. In 
section A statistical analysis is by standard x? and 
t tests; in section B analysis is by GLIM on the 
ungrouped data; and in section C by GLIM on 
the dichotomised data. 
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SECTION A 

(1) Clinical data 

(a) Symptomatology: all 24 patients studied were 
symptomatic when operated on, 13 having Class TI 
(NYHA) dyspnoea and 11 Class III preoperatively. 
The degree of symptoms and limitation of physical 
working capacity as judged by the NYHA classi- 
fication were similar in the two groups. This index 
was hence not predictive of surgical response for 
an individual or either group as a whole. After 
operation, seven patients (29%) failed to improve 
their grading at all—the remaining 17 (71%) 
improving by at least one grade. Three patients 
(12-895) improved by two clinical grades. 

(b) Atrial fibrillation: 12 out of 17 patients (71%) 
with atrial fibrillation at the time of operation 
responded poorly (group 2) whereas of the patients 
in sinus rhythm only two out of seven (29%) did 
badly. Though this difference did not reach 
conventional significance (p» 0-1) a trend was 
apparent (see section B). 

(c) Restudy interval: the mean time between 
operation and restudy for all patients was 39-5 +3-1 
months. There was no significant difference 
(p>0-05) between the mean for group 1 (30-4+5-4 
months) and that for group 2 (44-2 +47 months). 

(d) Age at operation: the age range was from 
29 to 71 years (mean 57-1+2-0 years) with the 
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majority in their early 60s. No significant difference 
(p>0-1) between the mean ages for group 1 
(56-9 +3-9 years) and group 2 (57:2 +2-0 years) was 
found. š 


(2) Length of history (Fig. 1) 

The duration of the presenting symptoms varied 
considerably from two months to 16 years. The 
mean for all 24 patients was 32:0 months +87. In 
group 1 the mean duration of symptoms before 
operation was 10:2+12-3 months which was 
significantly shorter (p<0-05) than for group 2 
(47:6 410-4). Fig. 1 also shows that eight out of 10 
(80%) patients in group 1 had symptomatic 
histories shorter than one year while 11 out of 14 
(79%) of group 2 complained of symptoms for one 
year or more before surgery. 


(3) Left ventricular end-diastolic volume index 

(Fig. 2) 

The mean left ventricular end-diastolic volume index 
(ml/m?) (calculated as left ventricular end-diastolic 
volume ml/body surface area m?) for group 1 was 
94-1 +12-2 ml/m? and that for group 2 was 146-4 + 
11-1 mi/m?. The difference was highly significant 
(p«0-01). In addition, Fig. 2 indicates that seven 
out of nine (7895) group 1 patients on whom angio- 
graphic data were available had an index of 100 ml/ 


Table 3 Postoperative clinical, exercise, and echocardiographic data 





Clinical (N YHA} grade 


Postop exercise test 


Postop echocardiogram 








Case Total 
no. Preop Postop Score Time-into- FAI (%) Percentage Mean Ver score 
procedure (min) fract. short. 
Group 1: 
1 IH Hu (2) 6 (2) —25 (1) 37 (1) 14 (Q0 7 
2 It I (1) 10 (wD —8 (D 30 (1) 12 (0) 5 
3 III I a) 9 qa) —5 (D 25 (D 09 (1) 5 
4 II JI (2) 8 a) 0 (D 15 (2 06 (2) 8 
5 Til I (a) 5 Q 6 (1) 17 (2) 07 (2) 8 
6 II I 0) 9 (1) -8 (D 20 (2) 0-8 (2) 7 
7 II II (2) 65 (2) 5 (D 28 (1) 09 (1) 7 
8 II I (1) 7 (2) 14 (2) 23 (2) 10 (D) 8 
9 II I {1) 65 (2) 6 0) 26 (1) 131 0) 6 
10 II I Q) 65 (2 10 (1 22 (2) o8 (2) 8 
Group 2: 
1 II I (1) 7 (2) 10 (1) 14 (3) 06 (2) 9 
12 II Ir (3) 3 (3) 60 (3) 6 (3) 0:2 (3) 15 
13 II II (3) 6 (2) 10 (1) 24 (2) 10 (1) 9 
14 II I (D 6 (2) 20 (2) 14 (3) hl (2) 9 
15 IH I (1) 7 (2) 0 (1) 15 (2) 05 (3) 9 
16 III XX (2) 6 (2) 16 (2) 19 (2) 07 (2 10 
17 IH IX (3) 3 (3) (3) 14 (3) 06 (2) 14 
18 III II (2) 6 (2) 20 (2) 16 (2) 07 (2 10 
19 III Ii (2) 6 (2) 12 (1) 24 (2) 07 (2) 9 
20 III III (3) 3 @) 40 (3) 19 (2) 07 (2) 13 
21 H H (3) 4 (3) 21 (2) 16 (2) 0-6 (2) 12 
22 H I (1) 7 (2) 5. (D 13 (3) 05 (3) 10 
23 Tu HI (3) 4 G3) 18 (2) 20 (2) 0-8 (2) 12 
24 Hi II (3) 3 (3) 68 (3) 30 (1) 13 (D ll 





Figures in parentheses represent the functional score for individual variables. 
Case 21 underwent mitral valve repair—all others had mitral valve replacement. 
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m? or less. In contrast, all 11 patients (100%) 
with angiographic data in group 2 had an index 
exceeding 100 ml/m*. 


(4) Combination of left ventricular end-diastolic 
volume index and length of history (Fig. 3) 

The combination of an index equal to or larger than 
100 ml/m? and a length of history greater than. one 
year (the critical values differentiating group 1 
from group 2) defined a subgroup of nine patients 
all of whom responded poorly to surgery. This 
combination of critical variables thus proved a 
highly specific predictor of unsatisfactory surgical 
response. 


(5) Other angiographic variables 

(a) Bjection fraction: the mean preoperative ejection 
fraction did not differ significantly (p > 0-1) between 
group 1 (0-65 0-04) and group 2 (0-55 0-05) 
(Fig. 4). Of interest, however, was the finding that 
all three patients with an ejection fraction «0:5 
responded poorly to surgery. In group 1 the mean 
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Fig. 1 Duration of symptomatic history according to 
satisfactory (group 1) or unsatisfactory (group 2) 
functional capacity at follow-up. The means and standard 
errors of the means are displayed and the critical time of 
one year indicated. (See text.) 
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Fig. 2 Comparison between left ventricular end-diastolic 
volume index (LVEDVI) in those patients responding 
well (group 1) and those responding poorly (group 2) to 
mitral valve surgery. The critical left ventricular end- 
diastolic volume index (100 ml/m?), group means, and 
SEMs are indicated. 
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Fig. 3 Graph showing use of the critical values for length 
of history and LVEDVI in combination to define a 
subgroup of patients all of whom respond poorly in the _ 
long-term to mitral valve surgery (group 2). 
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preoperative (angiographic) ejection fraction (0-65 
+0:04) fell significantly (p < 0-01) after correction 
of mitral regurgitation to a mean postoperative 
(echocardiographic) ejection fraction of 0-47 +0-04. 
Similarly, in group 2 the preoperative (angiographic) 
ejection fraction fell significantly (p « 0-05) from 
0-55 +0-05 to 0-40 --0-04 postoperatively (Fig. 5). 
These drops in ejection fraction after operation did 
not differ significantly (p» 0:5) between the two 
groups. 

(b) No significant difference between the two 
groups was found on the basis of preoperative 
angiographic peak circumferential shortening 
velocity (Vcr), percentage regurgitant volume 
(% RV), cardiac index, or stroke volume index. 
Comparison of preoperative (angiographic) peak 
Vor with postoperative (echocardiographic) mean 
Ver showed a significant reduction after operation 
in both groups of patients (Fig. 6). This reduction 
was equally significant in patients with good and 
poor surgical results (p > 1-0 for unpaired Student’s 
t test comparing changes in Vcr after surgery in 
the two groups). 


(6) Haemodynamic data 
(a) KV max: neither the resting value nor the 
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Fig. 4 Comparison of ejection fraction between patients 
with a satisfactory (group 1) or unsatisfactory (group 2) 
response to operation. The group means and SEMs are 
indicated. 
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GROUP II. 


EJECTION 
FRACTION 
(EF) 





Pre-0p? 


Post-0p^ Pre-Op" — Post-Op? 
Fig.5 Change in ejection fraction after correction of 
mitral regurgitation in patients responding well (group 1) 
and poorly (group 2) to operation. Note that the 
preoperative ejection fractions are angiographic and that 
those postoperatively are echocardiographic. P values 
refer to the paired Student’s t test. Means and SEMs 
are indicated, 


post-ectopic value differed between the two groups. 
However, the mean post-ectopic potentiation of 
KV max was significantly greater (p«0-05) in 
group 1 (87:-4119-8/s) than in group 2 (33-4+14-0/s) 
(Fig. 7). 

(b) dP/dt: neither the pre- nor the post-ectopic 
value of the max (or min) dP/dt differed significantly 
between the two groups. 

(c) Cardiac index (green dye), stroke volume 
index, and pulmonary vascular resistance did not 
differ significantly between the groups. 


(7) Type of valve prosthesis 

Seven of the 11 patients (6495) who had a Bjórk- 
Shiley prosthesis responded well to surgery (group 
1) whereas only one out of nine (11%) of those 
with a Starr-Edwards prosthesis did well post- 
operatively (p«0-06). Those patients receiving a 
Bjórk-Shiley prosthesis, however, had a signi- 
ficantly smaller (p« 0-05) preoperative mean left 
ventricular end-diastolic volume index (104-6 4- 10-6 
ml/m?) than those receiving a Starr-Edwards 
prosthesis (152-4 --20-4 ml/m?). Other variables of 
preoperative left ventricular function were no 
different between the groups (Table 4). 
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Fig. 6 Change in Vcr after 


correction of mitral regurgitation CIRCUMFERENTIAL 


A : f SHORTENING 
in patients responding well VELOCITY 
(group 1) and poorly (group 2) CIRC I SEC 


to operation. Note that the VcF 
preoperative values are peak Vers 

on angiography and the post- 

operative ones are mean V crs 

on echocardiography. P values 

refer to the paired Student's t 

test. Means and SEMs are 

indicated. 


(8) Type of intraoperative myocardial preservation 
Seven of the 12 patients (58%) who had intra- 
operative myocardial preservation by cold potassium 
cardioplegia had good surgical results (group 1) 
whereas only two out of 11 (18%) undergoing 
intermittent aortic cross clamping were in group 1. 
This difference suggested some beneficial effect 
from cold potassium cardioplegia but did not reach 
conventional significance (p 0-1). This beneficial 
effect may be a result of the fact that those patients 
receiving cold potassium  cardioplegia had a 
significantly smaller (p « 0-01) mean left ventricular 
end-diastolic volume index (103:8--9-5 ml/m?) 
than those undergoing intermittent aortic cross 
clamping (151-3 17-7 ml/m?). This suggests that 
preoperative left ventricular function may have 
been better in this group than in those undergoing 
intermittent aortic cross clamping. No difference 
between the groups was found, however, in other 
variables of preoperative left ventricular function 
(Table 4). 


(9) Duration of ischaemia 
The mean duration of ischaemia in group 1 was 


Table 4 Comparison between patients having Björk- 
Shiley and Starr-Edwards prostheses on basis of 
preoperative left ventricular function 








LVEDVI Post-ectopic Ejection Peak Ver 
^ (mijm?) potentiation fraction (cire{s) 

of KV max/s 
Bjórk-Shiley 104-6 410-6 740 22977 046321005 1:6+0-2 
Starr-Edwards 152-4 £20.44 325 £81 0-51 +005 12401 
t 2-27 1:35 1:76 1-46 
p «0-05 202 20-05 201 

NS NS NS 





Values = mean + standard error. of the mean. 





GROUP | GROUP [1 


Pre-0pn ` Post-Op? Pre-0p^ Post-Opn - 


68-1+7-0 min which was in fact longer (p 0-05) 
than that in group 2 (46-1 +42 min). 


(10) Total bypass time 

The mean duration of total bypass was 107-1 

+8-7 min in group 1 which did not differ signi- 
210 
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Fig. 7  Post-ectopic potentiation of KV max according 
to satisfactory (group 1) or unsatisfactory (group 2) 
response to operation. The group means and SEMs are 
indicated, 
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ficantly (p > 0-05) from that in group 2 (98:8 +88 
min). 


SECTION B 

GLIM analysis of ungrouped data assuming 
Gaussian distribution again showed a significant 
effect caused by the length of symptomatic history 
(p 0-022) when allowance for all other factors was 
made. 'T'he influence of preoperative atrial fibrilla- 
tion (p « 0:064) and of the type of valve prosthesis 
(p«0-084) was very little short of conventional 
significance. Other factors analysed in this way 
showed no significant effects. 


SECTION C 

Analysis of the grouped data by GLIM allowed 
simultaneous assessment of any three factors. 
Length of history, left ventricular end-diastolic 
- volume index, and type of valve prosthesis were the 
variables included in the model. By exclusion of 
each in turn, the effect of any one could be gauged 
allowing for the influence of the other two (but not, 
of course, for variables not included in the model, 
for example presence of atrial fibrillation, type of 
myocardial preservation, etc.). Analysed in this way, 
length of history (p « 0-001), left ventricular end- 
diastolic volume index (p<0-001), and type of 
prosthesis (p « 0-01) were all significant in determin- 
ing long-term postoperative function. Thus, it is 
apparent that the effects of the length of history 
and of left ventricular end-diastolic volume index 
become more significant when allowance is made 
for other factors in the model. Similarly, type of 
valve (Bjórk-Shiley versus Starr-Edwards), which 
was on the borderline of conventional significance 
on standard y? testing, is shown as being a significant 
variable when allowance is made for length of 
history and left ventricular end-diastolic volume 
index. 


Discussion 


'The haemodynamic consequences of significant 
mitral regurgitation result from two mechanisms. 
Firstly, a volume overload (increased preload) is 
presented to the left ventricle which requires an 
increase in total left ventricular stroke work and 
hence increased myocardial oxygen consumption 
(MVO.,). Secondly, the onset of mitral regurgitation 
reduces the overall impedance to left ventricular 
emptying by providing a low impedance outlet 
(left atrium) in parallel with the systemic circuit. 
The resulting decrease in afterload permits left 
ventricular contractile activity to be manifest as 
enhanced velocity and extent of fibre shortening, 
rather than as wall tension development.* This is 
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closely analogous with isolated muscle experiments 
which show developed tension to be inversely 
related to fibre shortening.!® These changes may 
be reflected clinically, as enhanced total (angio- 
graphic) left ventricular output, ejection fraction, 
and Vcr. Systolic left ventricular pressure also 
tends to decline more rapidly for an equivalent 
amount of preload, and, since peak left ventricular 
and aortic pressures are not significantly altered, 
integrated left ventricular wall tension (a major 
determinant of myocardial O, consumption) declines 
more rapidly than normal.4 The net effect is a 
stressed left ventricle with increased work load 
though, initially at least, the increased total stroke 
volume is expelled relatively efficiently since a 
greater portion of myocardial oxygen consumption 
is spent on muscle shortening than on tension 
development. 

A myocardium with good contractile function 
copes with this stress adequately for a time, but as 
its inotropic reserve is exhausted compensatory 
mechanisms become essential to maintain function— 
principally progressive left ventricular dilatation 
and eccentric hypertrophy*; heterometric auto- 
regulation (Frank-Starling effect); and a decrease 
in elastic modulus." An enlarging left ventricle 
would thus signify impaired contractility and an 
increasing inability to cope with the stress of mitral 
regurgitation. In the present study, this has been 
borne out by the significantly larger mean left 
ventricular end-diastolic volume index pre- 
operatively in those patients who had unsatisfactory 
long-term results from operation (146-4+11-1 
ml/m?) than in those responding well (94-1412-2 
ml/m?). Indeed, 78 per cent in group 1 had a left 
ventricular end-diastolic volume index <100 ml/m*, 
while 100 per cent in group 2 had an index greater 
than 100 ml/m? implying that this level is critical. 
An index within the normal range thus indicates a 
myocardium which is coping well with the increased 
workload. Values greater than 100 ml/m? mean 
that left ventricular dilatation has occurred to 
compensate for impaired functional reserve and 
this is associated with poor long-term surgical 
results (group 2). The adverse prognostic signi- 
ficance of a large left ventricle found in this study 
is in close agreement with a recent report that 
patients with a large rise in pre-mitral valve 
replacement echocardiographic end-diastolic dimen- 
sions undergo progressive deterioration of left 
ventricular function at long-term follow-up.!* 

'The duration of significant mitral regurgitation, 
as reflected by the length of symptomatic history, 
was also found to be of prognostic importance. This 
concurs with the work of Bonchek ez al.? whose 
prognostic index (a combination of duration of 
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disabling symptoms and response to medical 
therapy) proved to be the best of 19 preoperative 
variables at predicting postoperative improvement. 
In our study, the history was significantly shorter 
in group 1 (mean 10:2+12-3 months) than in 
group 2 (mean 47-6 4- 10-4 months). When sympto- 
matic mitral regurgitation was present for one year 
or more before operation, 79 per cent had a poor 
outcome, whereas 80 per cent of patients with 
shorter histories did well. It thus appears that the 
longer the symptomatic mitral regurgitation is 
present, the greater is the risk of myocardial 
impairment and thus of reduced benefit from 
surgery. One year was found to be the critical time 
when such changes become apparent indicating 
that surgery is optimally timed before this. 

Simultaneous consideration of left ventricular 
end-diastolic volume index (2100 mi/m?) and 
length of history (>1 year) defined a small sub- 
group of patients who universally responded badly 
to operation (Fig. 3). This combined index was 
more specific than either alone. 

The only haemodynamic factor differing sig- 
nificantly (0-02 <p « 0-05) between the two groups 
was the post-ectopic potentiation of KV max— 
80 per cent of group 1 showing rises >50/s while 
70 per cent of group 2 had values <50/s. The 
lower values in group 2 might reflect loss of left 
ventricular function and indicate that the optimum 
time for surgery had passed. These findings, 
however, need interpreting with caution since 
(a) sample sizes were small, (b) one patient in 
group 1 (case 10) had an extremely large potentiation 
which would tend to have an inordinate effect on 
the group mean, and (c) measurements were made 
during beats of greatly varying RR interval since 
many patients were in atrial fibrillation at the time 
of catheterisation. In fact more patients in group 2 
(12:86%) were in atrial fibrillation at the time of 
operation than in group 1 (5:50%) (p>0-l). 
Atrial fibrillation thus seemed to be associated 
with a worse long-term result from mitral valve 
replacement—possibly reflecting longstanding 
mitral regurgitation with left atrial enlargement. 
Conventional significance was not reached but a 
definite trend was apparent. 

The angiographic ejection fraction is a commonly 
used index of left ventricular function having some 
predictive value in valvular heart disease.?® In the 
presence of altered loading conditions, however, 
its usefulness is limited.?° In mitral regurgitation, 
the ejection fraction and other ejection phase 
indices (including peak Vcr) may be normal but 
in many cases are supranormal—thus a value in the 
normal range may, in fact, reflect impaired con- 
tractility. This was underlined in the present study 


by the fact that both the ejection fraction and Vcr 
fell significantly in both groups 1 and 2 after 
surgical correction of mitral regurgitation (Fig. 5 
and 6). It should be noted, however, that the 
comparisons are between angiographic (preopera- 
tive) and echocardiographic (postoperative) data 
and in the case of Vcr the comparison is between 
peak (preoperative) and mean (postoperative) 
values. None the less, these results imply that the 
presence of significant mitral regurgitation raises 
the ejection fraction and Vcr in ventricles with both 
good and bad contractile function. 

In the present study, many patients with reduced 
myocardial function had “‘norma!” values for these 
indices and no mean difference between the groups 
emerged. Notably, however, no patient in group 1 
had an ejection fraction «0:5—all three such 
patients being in the poor outcome group 2. This 
indicates that in the presence of significant mitral 
regurgitation, an ejection fraction <0-5 is frankly 
abnormal, appreciable loss of myocardial contractility 
must have occurred, and a poor long-term surgical 
result is likely—again in agreement with the 
echocardiographic findings of Schuler er al.1* 

In addition to the variables outlined above which 
define the preoperative conditions of the left 
ventricle, several intraoperative variables were found 
to be independently important in determining 
surgical outcome. In this small series, those patients 
who received a Bjórk-Shiley low profile tilting disc 
prosthesis did significantly better than those with a 
Starr-Edwards valve when analysed independently 
of the effects of left ventricular volume and length 
of history. It should be noted, however, that the 
Starr-Edwards group was non-homogeneous, in- 
corporating models 6320 (cloth-covered, composite 
seat, stellite ball) and 6400 (additional stellite track 
on the inside of each strut). Advantages claimed for 
the Bjórk-Shiley prosthesis include improved 
haemodynamics because of its low profile and a 
large orifice-to-tissue-diameter ratio also enabling 
its use in small hearts. These may be relevant to the 
present finding of greater improvement in long- 
term functional ability after its use. Those patients 
receiving a Bjórk-Shiley prosthesis had a significantly 
smaller (p < 0-05) mean preoperative left ventricular 
end-diastolic volume index (104-6 +10-6 ml/m?) 
than those getting a Starr-Edwards valve (152-4 + 
20-4). Though this finding may imply that the 
Bjórk-Shiley group had better preoperative left 
ventricular function, it does not explain the 
significantly improved results using this valve since 
the effects of left ventricular end-diastolic volume 
index were allowed for in the analysis of variance. 
Also of note is the fact that other indices of left 
ventricular function (Table 4) not included in the 
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Fig. 8 Diagrammatic representation of the effect of long-standing significant mitral regurgitation on left ventricular 
function. The changes in preoperative variables with time are shown and the probable response to mitral valve 


replacement is indicated. 


analysis of variance model did not differ between 
those receiving Bjérk-Shiley and those receiving 
Starr-Edwards prosthesis. 

Those patients receiving cold potassium cardio- 
plegia with St. Thomas’ Hospital solution did 
somewhat better than those undergoing intermittent 
aortic cross clamping though the difference was 
not significant on the numbers studied. The former 
group, however, may have had more impaired 
preoperative left ventricular function as indicated 
by a larger mean left ventricular end-diastolic 
volume index—a finding that might explain their 
worse results. 

Hence, the results of this study support the 
concepts that in the presence of significant non- 
rheumatic mitral regurgitation, the contractile state 
of the left ventricular myocardium at the time of 
mitral valve operation and the design of the pros- 
thetic valve inserted are the prime determinants 
of the surgical outcome, and that progressive 
impairment of contractility is consequent upon 
longstanding uncorrected disease (Fig. 8). It thus 
appears that no benefit accrues from withholding 
surgery once symptoms have appeared or the left 
ventricle has begun to dilate and that further delay 
is deleterious, merely allowing progressive left 
ventricular impairment. 


We would like to thank A V Swan, Department of 
Community Medicine, St. Thomas’ Hospital, for 
his invaluable help with statistical analysis. 
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Mechanical haemolytic anaemia after valve repair 
operations for non-rheumatic mitral regurgitation 
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SUMMARY ‘Two cases are described in which severe mechanical haemolytic anaemia developed shortly 
after operation for repair of non-rheumatic mitral regurgitation. One patient had a **floppy" valve and the 
other cleft mitral leaflets, and both had chordal rupture. In both there was residual regurgitation after 
repair though in one this was initially only trivial. Clinically manifest haemolysis ceased after replacement 

_ of the valve by a frame-mounted xenograft. There are two previously reported cases in which haemolytic 
anaemia followed an unsuccessful mitral valve repair operation. 

Subclinical haemolysis or mild haemolytic anaemia may occur with unoperated valve lesions, 
but hitherto frank haemolytic anaemia has been observed only when turbulent blood flow is associated 
with the presence of a prosthetic valve or patch of prosthetic fabric. In these four cases, however, 
polyester or Teflon sutures were the only foreign material and it is suggested that when these are 
used for the repair of leaflets, particularly in non-rheumatic mitral valve disease, HET may increase 


the damaging effect of turbulence on circulating red blood cells. 


Mechanical haemolytic anaemia is well recognised 
as a sequel to open heart operations when there is 
turbulent blood flow in the presence of prosthetic 
material. This was first described in a patient who 
had had an ostium primum atrial septal defect 
repaired with a Teflon patch,! and later in patients 
with an aortic Starr-Edwards valve and a para- 
prosthetic leak.? It is now known that haemolytic 


anaemia not uncommonly develops in patients who- 


have had their aortic or, less often, their mitral valve 
replaced by a mechanical prosthesis without such a 
fault. Subclinical haemolysis can be detected in 
many of these patients who are not anaemic. 
Indeed, it can occur in some patients with aortic 
valve disease before operation. Two patients have 
been reported in whom haemolytic anaemia followed 
mitral valve repair.5 4 We have recently seen two 
similar patients, in both of whom the anaemia 
was corrected by a second operation to replace the 
repaired valve. 


* Present address: National Heart Hospital, London. 

+} Present address: Hammersmith Hospital, London. 

+ Present address: The Hospital for Sick Children, Great Ormond 
Street, London. 
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Case reports 


CASE 1 

A 53-year-old microbiology technician had rheu- 
matic fever at the age of 9. He had been known to 
have a systolic murmur for at least 25 years. When 
first seen at the London Chest Hospital in 1966, 
he had no symptoms of heart disease; he was in 
sinus rhythm and had a loud mid-late systolic 
murmur (grade 4/6) with a thrill. The heart was 
not enlarged on the chest x-ray film and pulmonary 
vascularity was normal. The electrocardiogram 
showed only sharp T inversion in leads III and 
aVF. He remained asymptomatic till 1974, though 
the murmur became pansystolic. During this time 
the blood pressure averaged 170/100 mmHg. In 
1974, he developed atrial fibrillation. Sinus rhythm 
was restored by direct current countershock but 
atrial fibrillation recurred two weeks later, despite 
a small maintenance dose of quinidine (Kinidin 
durules* 1 bd), and digoxin and practolol were 
given. After this, his exercise toletance decreased 
and there was radiological evidence of increasing 
heart size and pulmonary venous hypertension. 

* Containing 250 mg quinidine bisulphate. 
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Cardiac catheterisation and left ventriculography 
in January 1975 showed pure severe mitral regurgi- 
tion, with cusp prolapse. The pulmonary artery 
wedge mean pressure was 24 mmHg, with a 50 mm 
v wave and no mitral end-diastolic gradient. 

At operation (Mr J E C Wright), on 19 February 
1975, the appearances were those of non-rheumatic 
mitral regurgitation with ruptured chordae to both 
anterior and posterior leaflets, which were floppy, 
redundant, and prolapsing. The posterior cusp was 
plicated; the prolapsed segment of the anterior cusp 
was excised as a wedge and the cusp repaired. No 
prosthetic material was used except for Mersilene 
(braided polyester) sutures. The postoperative 
course was uneventful. The haemoglobin level, 
15:3 g/dl before operation, fell to 9-0 g/dl three 
days after operation, and rose to 14-8 g/dl after 
transfusion. On discharge (6 March) it was 14:6 g/dl. 
The blood urea before operation was 59 mg/dl 
(9:8 mmol/l) and on discharge 71 mg/dl (11:8 
mmol/l). He remained in atrial fibrillation, but 
there were no signs of heart failure. There was 
now a short late systolic murmur only. 

On 28 April 1975, he was again defibrillated 
electrically, and after this took Kinidin durules 
(2 bd) until 10 June. On that date he reported 
diarrhoea, attributed to quinidine, and increasing 
breathlessness. He was pale and jaundiced, but his 
cardiac condition was unchanged. 

Investigations showed: haemoglobin 7-7 g/dl, red 
blood cells 3-1 x 1042/1, white blood cells 5-3 x 10?/1 
(normal differential), platelets 181 x 10?/1, reticulo- 
cytes 7 to 13 per cent, PCV 24 per cent, MCH 
32 pg, MCHC 32-0 g/dl; ESR 140 mm in 1 hour. 
The blood film showed many fragmented red 
blood cells. Blood urea was 55 mg/dl (9-2 mmol/l), 
serum bilirubin (all unconjugated) 1-4 to 1-8 mg/di 
(24 to 32 umol/D, serum hydroxybutyric dehydro- 
genase 2324 IU/l, serum lactic dehydrogenase 
1020 IU/l, serum haptoglobins 0-1 g/l (normal 1-0 
to 3:0 g/l), plasma haemoglobin 1:5 g/l. The urine 
contained urobilinogen and haemosiderin, but no 
bilirubin or red blood cells. Schumm's test for 
methaemalbumin was positive. Serum iron and 
iron-binding capacity, serum vitamin B,,, red cell 
folate, plasma fibrinogen, haemoglobin electro- 
phoresis, and glucose-6-phosphate dehydrogenase 
were normal. Other investigations giving negative 
or normal results were osmotic fragility, Ham’s 
acid-serum test, sucrose-haemolysis test, Heinz 
body preparation, and antinuclear factor. Direct 
and indirect antiglobulin (Coombs) tests were 
repeatedly negative. 

Bone marrow aspirate showed active normoblastic 
erythropoiesis with myeloid/erythroid ratio 1:1 and 
reduced stainable iron. Red cell half-life (31Cr) was 
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12:0 days (normal 25 to 28 days); there was no 
significant splenic sequestration and negligible 
stool loss. Ferrokinetic studies (°°Fe) showed rapid 
clearance and 67 per cent utilisation at six days. 

He was treated by blood transfusion, oral iron, 
and folic acid. During the following 18 months, 
signs of active haemolysis persisted. The haemo- 
globin level ranged between 8-8 and 11-0 g/dl and 
he required transfusion again in October 1976. He 
remained in sinus rhythm. There were no signs of 
heart failure, and he still had only a late systolic 
murmur at the apex. In August 1976, cardiac 
catheterisation showed normal right heart and left 
ventricular end-diastolic pressures, and left ventri- 
culography confirned mild mitral regurgitation, 
though a minor degree of cusp prolapse was still 
visible. 

During the next year, the clinical signs of mitral 
regurgitation increased, with a longer and louder 
apical systolic murmur, and he became increasingly 
breathless. Concurrently, there was evidence of 
increasing haemolysis, with a rapid fall in haemo- 
globin level, and he required repeated transfusions 
at progressively shorter intervals—an average of 
4 to 6 units a month, and during December 1977, 
9 units. 

At operation on 1 February 1978, the surgeon 
(Mr J E C Wright) again noted the floppy mitral 
valve with redundant cusp tissue and dilated 
valve ring; both leaflets were once more prolapsing 
allowing moderate central regurgitation. The 
valve was excised and replaced by a 33 mm frame- 
mounted xenograft valve (Carpentier-Edwards). 
After operation, the haemoglobin remained above 
12-9 g/dl and no further transfusion was necessary. 
In the two subsequent years, he has remained 
well with a haemoglobin level of 13-3 to 14-8 g/dl, 
and a reticulocyte count repeatedly less than 1 per 
cent. The blood film is normal, with no fragmented 
red cells. The red cell half-life @'Cr) is now 23 
days. Serum haptoglobins are normal (more than 
1-0 g/l), and tests for urinary haemosiderin negative. 
The xenograft valve remains competent, with no 
audible murmur, though atrial fibrillation recurred 
and digoxin has been continued. 


CASE 2 

A 67-year-old woman was first seen in July 1977 
when she gave a one-week history of breathlessness. 
She was found to be in fast atrial flutter and had 
signs of severe mitral regurgitation. The chest x-ray 
film showed a slightly enlarged heart and pulmonary 
venous congestion. She improved with treatment, 
and sinus rhythm returned. She was anticoagulated 
with warfarin after an episode of pulmonary 
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infarction and also received frusemide, amiloride, 
and propranolol. 

Cardiac catheterisation and left ventriculography 
showed pure severe mitral regurgitation with a 
pulmonary artery pressure of 45/20mmHg, a 
50mm v wave in the pulmonary artery wedge 
pressure record, and no mitral diastolic gradient. 
Coronary arteriograms were normal. 

At operation (Mr J E C Wright) on 23 January 
1978, she was found to have a congenitally abnormal 
mitral valve with a cleft posterior leaflet and a 
minor cleft also of the anterior leaflet. There were 
ruptured chordae to the posteromedial portion of 
the posterior leaflet which was prolapsing. This 
was plicated, obliterating the cleft and prolapsing 
segment. The postoperative course was uneventful. 
The haemoglobin level was 14-6 g/dl before and 

“did not fall below 12-9 g/dl after operation. An 
apical systolic murmur was still audible. 

In March 1978, she again had signs of severe 
mitral regurgitation and was in right-sided heart 
failure. She was found to be severely anaemic. 

Investigations showed: haemoglobin 8:8 g/dl, red 
blood cells 3-2 x 101#/l, white blood cells 6-4 x 10?/1 
(normal differential), platelets 310 x 10?/1, reticulo- 
cytes 2:5 to 4-4 per cent, PCV 29 per cent, MCH 
28 pg, MCHC 31 g/dl; ESR 10 mm in one hour. 
The blood film showed fragmented red blood cells. 
Serum bilirubin was 20 umol/l, serum hydroxy- 
butyric dehydrogenase 536 IU/l, serum hapto- 
globins less than 0-5 g/l, and serum iron 6-4 pmol/l. 
Blood urea, serum vitamin B,, and serum folate 
were normal. Schumm's test for methaemalbumin 
was positive. Antinuclear factor was not present 
and the direct Coombs test was negative. The urine 
contained urobilinogen and haemosiderin. Red cell 
half-life (3!Cr) was 14-0 days, with no increased 
uptake in the liver or spleen. 

Cardiac catheterisation with left ventriculography 
was repeated and confirmed that there was still 
severe mitral regurgitation, with a pulmonary artery 
pressure 70/30 mmHg and a 30 mm v wave in the 
pulmonary artery wedge pressure record. 

At reoperation (Mr J E C Wright) on 24 May 
1978, recurrence of mitral regurgitation was found 
to be the result of further chordal rupture. The 
valve was excised and replaced by a 31 mm frame- 
mounted xenograft (Carpentier-Edwards). After 
operation, the haemoglobin level did not fall below 
12-0 g/dl. 

In the 20 months since reoperation she has 
remained in sinus rhythm with competent xenograft 
valve, though there is a short soft ejection systolic 
murmur. The haemoglobin level has ranged from 
11:8 to 13-9 g/dl; the blood film is normal with no 
fragmented red cells and reticulocytes never more 
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than 1:8 per cent. Red cell half-life (Cr) is normal 
(28 days). There is no methaemalbuminaemia. The 
urine test for haemosiderin, however, is still weakly 
positive and serum haptoglobins are less than 
0*5 g/l. 


Discussion 


Both our patients had non-rheumatic mitral valve 
disease, the first having a “floppy valve" and the 
second a cleft mitral leaflet, and in both severe 
mitral regurgitation developed as a result of 
chordal rupture. In neither was there any associated 
cardiac lesion. Though evidence of subclinical 
haemolysis was not sought, neither patient was 
anaemic before the operation to repair the mitral 
valve. In neither case was any prosthetic material 
(except Mersilene sutures) used in the repair 
procedure, which involved only plication and/or 
excision of prolapsing segments of the mitral 
leaflets. 

Severe haemolytic anaemia became manifest 
within two months of operation in case 2 who 
already had signs of severe recurrent mitral 
regurgitation resulting from further chordal rupture. 
In case 1, haemolytic anaemia was recognised four 
months after the mitral repair procedure at a time 
when he had clinical signs of only minimal mitral 
regurgitation, and a year later left ventriculography 
showed that reflux was still only slight. His condi- 
tion remained stable until two years after operation, 
but then clinical signs of increasing mitral regurgita- 
tion were accompanied by increasing severity of the 
haemolytic process. 

The haemolytic nature of the anaemia in our 
cases was established by the high reticulocyte count, 
increased hydroxybutyric dehydrogenase and lactic 
dehydrogenase, the presence of urobilinogen and 
haemosiderin in the urine, and the shortened red 
cell survival time. Methaemalbuminaemia indicated 
that haemolysis was intravascular and its mechanical 
origin was suggested by the presence of fragmented. 
red cells. No other cause of haemolysis was found. 
In case 1 it was suspected initially that quinidine 
might be responsible, though he had previously 
taken quinidine without ill effect. Quinidine may 
cause haemolysis by forming an immune-complex 
with drug-specific antibody or in the presence of 
glucose-6-phosphate dehydrogenase-deficient red 
cells, but no evidence for either of these mechanisms 
was found. No other drug taken by either patient 
could be incriminated. 

The final proof that the haemolysis was the 
result of trauma to red cells and related to the valve 
lesion was supplied by the response to reoperation 
with replacement of the regurgitant mitral valve. 
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In neither case is clinically manifest haemolysis now 
evident, the haemoglobin level remaining within 
normal limits with no increase in reticulocyte count. 
The red cell half-life is normal in case 2 and very 
slightly reduced in case 1; reduced serum hapto- 
globin levels and weakly positive tests for urinary 
haemosiderin are, however, evidence of continuing 
subclinical haemolysis in case 2. 

Anaemia developing after cardiac surgical opera- 
tions as a result of mechanical haemolysis was first 
reported by Sayed et al. in a patient who had had 
an ostium primum atrial septal defect closed with a 
patch of Teflon felt, without repair of the cleft 
anterior mitral leaflet; overt haemolysis ceased 
after reoperation when exposed Teflon was covered 
with endothelium. A further five cases of haemolytic 
anaemia after repair of ostium primum defects were 
described by Sigler et al.» and Verdon et al.* In all 
of these the defect had been repaired with a Teflon 
patch and the cleft mitral leaflet sutured. At re- 
operation in three of these cases the anterior 
leaflet of the mitral valve was found to be detached 
from the Teflon patch used for repair, and in another 
the patch itself was partially detached; in two? the 
patch was only partially endothelialised. Only two 
patients survived their second operation? 5: one 
was unimproved and at later necropsy there was 
still an incompetent mitral valve and exposed 
Teflon; the other was cured by a successful repair 
operation. 

Haemolytic anaemia was first reported in patients 
after aortic valve replacement by mechanical 
prostheses in association with paraprostbetic re- 
gurgitation,? " 8 but it soon became apparent that 
this occurred commonly with competent as well as 
leaking prostheses?7!* and also, but less often, after 
mitral valve replacement.!? 15 Stohlman et al. had 
previously found that intravascular haemolysis 
occurred in dogs after the insertion of a lucite ball 
valve prosthesis (Hufnagel type) between the left 
ventricular apex and descending thoracic aorta. 

'The features common to all these cases are 
turbulent blood flow resulting from the presence 
of a mechanical prosthesis and/or paraprosthetic 
leak or from mitral reflux in ostium primum defects, 
and the presence of prosthetic material in the 
circulation. Nevaril et al. showed that the mor- 
phological changes induced in red cells exposed to 
shearing stress in vitro were similar to those seen 
in patients with prosthetic valves and haemolytic 

, anaemia and suggested that a shearing mechanism 
might be responsible in these cases. 

Subclinical haemolysis with shortened red cell 
survival time, and/or reduced serum haptoglobin 
levels, and increased serum lactic dehydrogenase 
or hydroxybutyric dehydrogenase, occurs in many 
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patients with prosthetic valves of all types.1! 18-22 
Such patients may not be anaemic, but, because 
intravascular haemolysis is accompanied by loss 
of iron as haemosiderin in the urine, a secondary 
iron-deficiency anaemia may develop! even if 
bone marrow activity is sufficient to compensate 
for red cell loss. É 

There have been a few reports of cases of mechani- 
cal haemolytic anaemia in association with un- 
operated valvar disease, usually aortic, 3-3 and 
when large numbers of patients with aortic valve 
disease have been carefully investigated, evidence of 
subclinical haemolysis has been found in a small 
proportion.!? 311925 28 In some patients, reduced 
haptoglobin levels and fragmented red cells may 
be the only evidence of haemolysis, and red cell 
survival times may be normal. 

We have found only two previous reports of the 
development of clinically important haemolytic 
anaemia in patients with mitral regurgitation, and 
in both cases this followed a repair operation. 
Ziperovich and Paley? described a patient with 
rheumatic heart disease who developed mitral 
regurgitation after a closed mitral valvotomy; 
massive mitral regurgitation recurred after mitral 
valve repair (using Tevdek sutures) and severe 
haemolytic anaemia then developed, with reticulo- 
cytosis (13%), jaundice, methaemalbuminaemia, 
haemoglobinuria, and absent haptoglobins. Clinical 
haemolysis ceased after replacement of the valve 
by a Starr-Edwards prosthesis, but serum hapto- 
globins were still low. Moisey et al.* observed the 
development of severe haemolytic anaemia within 
three weeks of an unsuccessful operation for repair 
of a cleft mitral anterior leaflet (with polyester 
sutures) in a 4-year-old child who had previously 
had a coarctation resected. At reoperation a “loose 
suture" was observed; after replacement of the 
valve by a Starr-Edwards prosthesis, haemolytic 
anaemia did not return, though the red cell half- 
life was still reduced. 

Three of the four cases described (these two and 
one of our own) still had severe mitral regurgitation 
after the repair procedure at the time when the 
haemolytic anaemia became manifest, though our 
first patient had only trivial mitral regurgitation 
when he first became anaemic, much less than be- 
fore operation. Since haemolytic anaemia rarely, if 
ever, occurs in patients with unoperated mitral 
regurgitation it is difficult to escape the conclusion 
that even polyester or Teflon suture material, if 
critically placed in the path of turbulent blood flow, 
can increase the damaging effect of turbulence on 
circulating red cells sufficiently to cause clinically 
apparent haemolysis. It is possible that the non- 
rheumatic mitral valve cusp after repair retains 
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sufficient mobility and flexibility to inhibit the 
growth of “endothelium” over the suture material, 
though in our cases no observations were made to 
substantiate this at the time of reoperation. In all 
four cases replacement of the repaired valve by a 
prosthesis or zenograft abolished the anaemia, 
though evidence of subclinical haemolysis was still 
present in three. 


We are grateful to Mr J E C Wright who performed 
the mitral repair and replacement operations in both 
cases, and to Professor T A J Prankerd and Dr EC 
Gordon-Smith for help with the investigation and 
management of these patients. 
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Early systolic closure of the aortic valve 


P WONG, L COTTER, D G GIBSON 


From the Department of Cardiology, Brompton Hospital, Fulham Road, London 


SUMMARY Six patients with early systolic closure of the aortic valve are described with mitral regurgita- 
tion, double outlet right ventricle, left ventricular diverticulum, congestive cardiomyopathy, Eisenmenger 
ventricular septal defect, and aortic regurgitation with an aneurysmal ascending aorta, respectively. 


None had evidence of subaortic stenosis. 


Early systolic closure of the aortic valve is thus not diagnostic of subvalvular aortic stenosis but is a 


non-specific finding. 


Early or mid-systolic closure of the aortic valve has 
been described as being of great diagnostic value in 
the diagnosis of subvalvular aortic stenosis"? 
whether caused by fixed subaortic stenosis or by 
hypertrophic obstructive cardiomyopathy. Value 
has been placed on the presence and even the extent 
and timing of early systolic closure of the aortic 
valve in estimating the severity of the outflow tract 
gradient in subaortic stenosis and the presence of 
intraventricular gradients in hypertrophic obstruc- 
tive cardiomyopathy. We present six patients with 
other heart disorders, with varying degrees of early 
systolic closure of the aortic valve, none of whom 
had any evidence of subvalvular aortic stenosis. 


Case reports 


CASE 1 

A 41-year-old woman was entirely asymptomatic 
until March 1979 when she noted atypical chest 
pain. Clinically there was no abnormality. Electro- 
cardiogram showed sinus rhythm, normal QRS, 
and inverted T waves in V3-6, III, and VF. Chest 
x-ray film was normal. Echocardiography (Fig. 1) 
showed early systolic closure of the aortic valve. 
At cardiac catheterisation, the left ventricular end- 
diastolic pressure was normal. There was a left 
ventricular diverticulum at the apex. There was 
no cavity obliteration, no gradient was recorded in 
the left ventricle, and the left ventricular outfiow 
tract was normal haemodynamically and angio- 
graphically. 


CASE 2 
A 73-year-old woman had been noted to have a 
heart murmur for 12 years and had been breathless 
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on exertion for this period. Five months before 
admission she began to deteriorate and became 
orthopnoeic. She was admitted in severe pulmonary 
oedema with clinical evidence of severe mitral 
regurgitation. Echocardiography showed inter- 
mittent (Fig. 2a and 2b) early systolic closure of the 
aortic valve and a flail posterior cusp of the mitral 
valve prolapsing into the left atrium. At operation 
(Mr M Paneth) the presence of ruptured chordae of 
the posterior cusp of the mitral valve was confirmed. 


CASE 3 

A 12-year-old boy presented with a history of 
limiting exertional dyspnoea. The abnormal cardio- 
vascular physical findings were confined to ausculta- 








Fig. 1 Early systolic closure of the aortic valve in a 
patient with a diverticulum of the left ventricle. Ao, 
aorta. 
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Early systolic closure of the aortic valve 





Fig. 2a and b Intermittent early systolic closure of the aortic valve in a patient with mitral regurgitation due to 


ruptured chordae. LA, left atrium. 


tion with a normal first sound, single second sound, 
and a grade 3/6 harsh systolic murmur with a thrill 
radiating throughout the praecordium and into 
the carotids. There were no other abnormal physical 
findings. The electrocardiogram showed sinus 
rhythm axis — 120 degrees and right ventricular 
hypertrophy. Chest x-ray film was normal. 

Echocardiography showed normal left ventricular 
and mitral valve echoes. A left ventricular to aortic 
scan showed override of the aorta and the un- 
expected finding of early systolic closure of the 
aortic valve (Fig. 3). 

A clinical diagnosis of Fallot's tetralogy was made 
though the possibility of subaortic stenosis was 
raised by the echocardiogram. At cardiac catheterisa- 
tion the findings were those of acyanotic Fallot's 
tetralogy with a tight infundibular stenosis and a 
ventricular septal defect with equal right and left 
ventricular pressures. There was no evidence of 
left ventricular outflow tract obstruction. At 
operation (Mr C Lincoln) the final diagnosis was 
revised to double outlet right ventricle with 
infundibular pulmonary stenosis and an infra- 
aortic ventricular septal defect. There was no 
evidence of subaortic stenosis. Postoperative echo- 
cardiography showed early systolic aortic valve 
closure to persist unchanged. 


CASE 4 

A "76-year-old woman presented with a three-year 
history of progressively disabling breathlessness. 
On examination her heart rate was 120/minute in 
atrial fibrillation, jugular venous pressure raised 
to 12cm, BP 140/100 mmHg. The apex was 
impalpable. The heart sounds were normal with a 


grade 2/6 pansystolic murmur at the apex. There 
was no oedema or hepatomegaly and the lung fields 
were clear. Electrocardiogram confirmed atrial 
fibrillation with an uncontrolled rate, high left 
ventricular voltages with non-specific ST-T wave 
changes laterally. Chest x-ray showed an enlarged 
heart with Kerley B lines and interstitial pulmonary 
oedema. Echocardiography showed an enlarged left 
ventricle with diminished posterior wall systolic 
excursion and an akinetic septum, an enlarged left 
atrium (5cm), normal mitral valve echoes, and 
early systolic closure of the aortic valve (Fig. 4). 





fates 

Fig. 3 M-mode sweep from aorta to mitral valve 
showing early systolic closure of the aortic valve 
(arrowed). Aortic override of the interventricular septum 
ts also demonstrated. IV S, interventricular septum ; 
MV, mitral valve. 
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A diagnosis of congestive cardiomyopathy and 
atrial fibrillation was made and the patient was 
treated with digitalis and diuretics. On this treat- 
ment she improved, her venous pressure returned 
to normal, her apical systolic murmur disappeared, 
and her heart size diminished radiographically. 
Further investigation was considered inappropriate 
and she was discharged. 


CASE 5 

A 44-year-old woman presented with breathlessness 
on exertion, central cyanosis, and clubbing of 
fingers and toes. Auscultation disclosed a normal 
first heart sound, a single second heart sound 
without murmurs. Blood pressure was 120/70 
mmHg. There were no other abnormal findings. 
She was diagnosed to be suffering from ventricular 
septal defect with Eisenmenger syndrome and this 
was confirmed at cardiac catheterisation. Echo- 
cardiography showed early systolic closure of the 
aortic valve (Fig. 5). 


CASE 6 

A 72-year-old retired accountant presented with a 
seven months’ history of dyspnoea. On examination 
the pulse was 70/minute, regular, water hammer in 
character, venous pressure normal. The first heart 
sound was normal, the second single. There was a 
grade 3/6 ejection type systolic murmur best heard 
at the base, radiating into the neck, and a grade 4/6 
long early diastolic murmur best heard at the right 
sternal edge. There was no oedema or hepatomegaly 
and the lungs were clinically clear. Electrocardio- 
gram showed sinus rhythm and left ventricular 
hypertrophy “with strain pattern". Chest x-ray 





Fig. 4 Early systolic closure of the aortic valve in a 
patient with congestive cardiomyopathy. 
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Fig. 5 Early systolic closure of the aortic valve in a 
patient with ventricular septal defect complicated by the 
Eisenmenger reaction. 


showed cardiomegaly with unfolding of the aorta 
and an aneurysm of the ascending aorta. Echo- 
cardiography of the aortic valve showed distinct early 
systolic closure (Fig. 6). Aortography disclosed a 
greatly dilated ascending aorta, aneurysmal from 
the aortic valve ring to the origin of the innominate 
artery accompanied by severe aortic regurgitation. 
At surgery (Mr M Paneth) the aortic valve consisted 
of three flimsy leaflets in a dilated ring and there 
was an aneurysm of the ascending aorta. There 
was no evidence of subvalvar outflow tract obstruc- 
tion. After aortic valve replacement and resection 
of the aneurysm the patient made an uneventful 
recovery. 


Discussion 


Early systolic closure of the aortic valve has long 
been thought to be highly suggestive of either 
discrete subaortic stenosis or hypertrophic obstruc- 
tive cardiomyopathy, systolic closure of the aortic 
valve being said to occur earlier in the former and 
later in the latter. Davis et a/.' suggested that the 
echocardiographic findings of "aortic valve closure 
early in systole, persistent valve closure through- 
out the remainder of systole, coarse fluttering of 
the leaflets, and absence of asymmetric septal 
hypertrophy" are suggestive if not specific for 
discrete subaortic stenosis, while Silove ez al 
found M-mode echocardiography to be diagnostic 
in nine out of 10 patients with discrete subaortic 
stenosis. All nine patients reported by Krajcer 
et al? with discrete subaortic stenosis had early 
systolic closure, and five out of six retained this 
feature after operation for relief of left ventricular 
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outflow tract obstruction. Nineteen of 20 patients 
with discrete subaortic stenosis reported by Kreuger 
et al? had this feature, and they maintained that “the 
echo features of very early partial closure and valve 
flutter, and narrow left ventricular outflow tract, 
are clear enough and specific enough to be used in 
assessing patients with clinical signs of left ventri- 
cular outflow tract obstruction”. The occurrence 
of early systolic closure in hypertrophic subaortic 
cardiomyopathy is also well recognised. It has been 
said to correlate well with resting intraventricular 
pressure gradients, and thought to be a more 
specific predictor of outflow obstruction than 
asymmetric septal hypertrophy and systolic an- 
terior movement of the mitral valve? * However, 
our cases clearly show that early systclic closure 
in fact can occur in its various forms in conditions 
other than subvalvular left ventricular outflow tract 
obstruction. Cases 1, 3, 5, and 6 were confirmed 
by cardiac catheterisation and angiography, and 
cases 2, 3, and 6 at operation. Case 4 had no 
clinical evidence of either discrete subaortic stenosis 
or hypertrophic obstructive cardiomyopathy. Early 
systolic closure of the aortic valve is thus a non- 
specific finding in a variety of disorders. Though 
it can occur in patients with hypertrophic obstruc- 
tive cardiomyopathy, or discrete subvalvar aortic 
stenosis, or indeed the tunnel form of subaortic 
stenosis,’ it may also be seen in congestive cardio- 
myopathy, mitral regurgitation, ventricular septal 
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Fig. 6 Early systolic closure of the aortic valve in a 
patient with aortic regurgitation and an aneurysmal 
ascending aorta. 
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defect? rupture of right sinus of Valsalva 
aneurysms," diverticulum of the left ventricle, 
dissection of the aorta," aortic regurgitation with a 
dilated ascending aorta, and double outlet right 
ventricle. Its genesis in these conditions can be 
speculated upon but is unknown. 

Although the occurrence of early systolic closure 
of the aortic valve in the presence of signs of left 
ventricular outflow tract obstruction may suggest 
a form of subvalvular stenosis, its diagnostic 
significance should not be overemphasised. 
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SUMMARY Ultrasound contrast on the left side of the heart without the need for left heart catheterisation 
was achieved by hand injections of 8 to 10 ml 5 per cent dextrose solution through a catheter in the 
pulmonary wedge position. Injections were performed in 18 patients undergoing routine cardiac 
catheterisation and M-mode or two-dimensional echocardiography was used. An adequate wedge 
position was attained in 17 of the 18 patients. Nine had injections through Cournand catheters, three 
through Swan-Ganz catheters, and five through both. In 11 of these 17 patients left atrial or left ventri- 
cular echocardiographic contrast was seen immediately after wedge injection. Two patients showed 
diminished or absent contrast on later injections from the same position. Better results were obtained with 
the Cournand catheter (11/15 positive) than with the Swan-Ganz (1/8 positive) catheter. Pulmonary 
artery injections proximal to the wedge position did not cause left-sided contrast. No complications were 


observed. The safety of this method remains to be determined. 


In the late 1960s, Gramiak and Shah! noted that 
indocyanine green and other solutions caused 
intracardiac ultrasonic contrast. They speculated 
that the source of this contrast was microbubbles of 
air. Since then, further work has more definitely 
identified the ultrasonic contrast targets to be 
microbubbles of air introduced during injection.? ? 
Peripheral contrast echocardiology has become an 
important diagnostic technique.*-* Normally, con- 
trast injected peripherally or in the right side of 
the heart is entirely removed by the lungs, so 
contrast appearing on the left side of the heart 
implies an intracardiac right-to-left shunt or an 
intrapulmonary arteriovenous shunt. In the absence 
of these anatomical abnormalities, there has been 
no method of creating left-sided ultrasonic contrast 
without direct injection, requiring left heart 
catheterisation." 

Several years ago we unsuccessfully attempted to 
produce contrast in the left side of the heart using 
Swan-Ganz balloon catheters in the wedge position 
in six patients (unpublished data) The balloons 
were inflated during these wedge injections. 


* This work was supported in part by grants from the Dutch 
Heart Association and Interuniversity Cardiology Institute, and in 
part by a Clinician-Scientist Award from the American Heart 
Association. 
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Recently, Bommer et al.8 from Davis noted that 
forceful injections in the wedge position in dogs 
caused ultrasonic contrast on the left side of the 
heart. We undertook the present study to retest 
the hypothesis that pulmonary wedge injections may 
yield left-sided echocardiographic contrast in 
humans without known pulmonary or intracardiac 
shunts. Success in attaining left-sided contrast 
might allow more sensitive diagnosis of left-to-right 
shunts and better imaging of left-sided cardiac 
structures by echocardiography, thereby reducing 
the need in some cases for left heart catheterisation 
and radiological contrast angiograms. 


Patients and methods 


Eighteen patients undergoing right and left heart 
catheterisation for routine clinical indications were 
studied. There were eight men and 10 women. 
Their ages ranged from 20 to 67 years (mean 44 
years). The diagnoses are listed in the Table. 
Number 7 French Cournand or Swan-Ganz 
catheters were introduced via a right antecubital 
cutdown and advanced to the wedge position. This 
was attained without balloon inflation in any of the 
patients in whom Swan-Ganz catheters were used. 
Confirmation of wedge position was obtained by 
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Wedge injections yielding left-sided echo contrast 





fluoroscopy and pressure tracings. Three to seven 
rapid hand injections of eight to 10 ml 5 per cent 
dextrose solution were given during normal quiet 
respiration. 

Echocardiographic imaging of the left heart 
during each injection was performed with the 
patient in either the supine or slight left lateral 
decubitus position. An Organon Teknika Echo- 
cardiovisor 01 M-mode instrument or a Toshiba 
SSH-10A phased array two-dimensional ultrasono- 
graph was used. 

The symptoms experienced by the patient during 
injection and subsequent stay in the catheterisation 
laboratory were carefully monitored, along with 
electrocardiogram and haemodynamic state. Most 
of the first 10 patients had post-catheterisation 
chest films, or lung scans in the anterolateral and 
left lateral positions between 12 and 36 hours after 
catheterisation. 
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Fig. 1 Left—srop-frame 
photograph from the two- 
dimensional echocardiogram of a 
subject immediately before wedge 
injection. Apical four chamber 
view. Right—diagram of left- 
hand panel. Abbreviations 

LA, left atrium; LV, left 
ventricle; RA, right atrium; 
RV, right ventricle. 


Results 


An adequate wedge position was attained in 17 of 
the 18 patients. In the patient in whom the wedge 
position could not be obtained (Table, case 4), 
right pulmonary artery injections failed to yield 
left heart echocardiographic contrast. In 11 of the 
17 patients echocardiographic contrast was seen in 
the left heart immediately after wedge injection. 
Still frames from a two-dimensional echocardio- 
gram before and immediately after wedge injection 
in one of these patients are shown in Fig. 1 and 2. 
Contrast is in the left ventricular cavity. 
Fig. 3 shows an M-mode study at the aorta-left 
atrial level from another subject, with appearance 
of contrast in the left atrium after wedge injection. 

No patient developed symptoms, deteriorated 
clinically, or showed any haemodynamic or electro- 
cardiographic changes after the wedge injections. 


seen 


Fig.2 Left—stop-frame 
photograph from the two- 
dimensional echocardiogram of 
the subject in Fig. 1, 
after wedge injection. Apical four 
chamber view. Right—diagram 
of left-hand panel. Note contrast 
shaded area) filling the left 
atrium and left ventricle 
Abbreviations as in Fig. 1 


immediately 
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Fig. 3 M-mode tracing of a subject in the catheterisation laboratory immediately after wedge injection. Note the 
appearance of fine contrast in the left atrium (arrows). Abbreviations: Ao, aorta; LA, left atrium; RVOT, right 


ventricular outflow tract. 


Chest films were taken between six and 24 hours 
after catheterisation in five of the first 10 patients 
studied and were compared with the pre-catheterisa- 
tion films. None showed new lesions. Lung scans 
were also negative in the seven patients of the 
initial first 10 in whom they were performed. 

All 17 patients in whom the wedge position was 


Table Patient data and outcome of wedge injections 


attained had repeated injections. Six persistently 
showed no left-sided contrast, and two others 
showed a definite decrease in the amount of left- 
sided contrast on later compared to earlier injections. 
In these patients the catheter position was held 
constant. The other nine patients showed positive 
findings for three or more injections. 





PA pressure 


Case no. — Ageisex Diagnosis systolicidiastolic, 
mean 
1 54 M AS/AR 32:16, 23 
2 44 M CAD 
3 37 M CAD 
4 20 F ASD 30:16, 19 
5 21 F Coarct 19/12, 15 
6 48 F Subvalv AS 218, 13 
7 59 F CAD x 
8 42 M CAD, MR 19/77, 13 
9 67 F AS/AR, MR 32/12, 20 
10 44 F CAD > 
11 335 F AR/MR x 
12 48 M CAD 29/15, 21 
13 51 M AS/AR 54/22, 34 
14 50 M CAD 23/6, 13 
15 37 F MS x 
16 49 F MS;MR 48:20, 35 
17 31 M CAD 27/15, 20 
18 58 F MS/MR 83/33, 54 





Mean O. saturation (^4) Contrast results 
wedge EAR NUR dE ver DP m 
pressure Arterial Venous Cournand Swan-Ganz 
13 98 73 ND 

6 98 ND 

13 96 . ND 

> 97 MV 62, PA 93 ND 

7 97 80 - 

6 96 80 ND 

97 ND 

5 98 80 ND 

14 95 73 ND 

15 96 ND 

15 E ; ND 

14 96 75 ND Dx 

15 96 70 ND 

7 96 84 ND 
31 95 77 

15 96 77 z 
27 93 67 y 





All pressures are in mmHg. 


Abbreviations: AS, aortic stenosis; AR, aortic regurgitation; CAD, coronary artery disease; ASD, atrial septal defect; Subvalv, 
subvalvular; MR, mitral regurgitation; MS, mitral stenosis; MV, mixed venous; PA, pulmonary artery; ND, injection not done with this 


catheter. x, information not obtained or not available; +, left-sided contrast attained; 


--, no left-sided contrast seen. 


Wedge injections yielding left-sided echo contrast 


Eleven positive studies were obtainable using 
a Cournand catheter (Table). Injections in an 
initial position were negative in one patient (case 18) 
through a Cournand catheter, but became positive 
after its position was changed. Only one of the 
eight studies performed with a Swan-Ganz 
catheter was positive (case 18). Three patients had 
negative studies with both catheters (cases 5, 15, 16). 
Except for the patient in whom wedge position 
could not be obtained (case 4), who had an atropic 
septal defect, none of the 18 patients had intra- 
cardiac shunts. No right-sided contrast was seen 
after either wedge injections or pulmonary artery 
injections. 

We had the subjective impression that the left- 
sided contrast was finer than that seen in the right 
heart after peripheral injections. This finding can 
be noted in Fig. 3. 


Discussion 


The results of this study show that in the majority 
of subjects rapid hand injections in the wedge 
position cause echocardiographic contrast on the 
left side of the heart. This could be of help in 
excluding a left-to-right shunt when performing a 
right-sided catheterisation as a quick and simple 
alternative to a saturation run. Its sensitivity needs 
to be determined, but the high success rate of 
peripheral venous contrast echocardiography in 
imaging right-to-left shunts suggests that left-to- 
right shunts might be very sensitively detected. 
The high success rate of echocardiographic detec- 
tion of left-to-right shunting after intracardiac 
injections leads to the same conclusion. 

While it seems likely that the pulmonary capillary 
“sieve” effect is overcome by rapid wedge injections 
the exact mechanism by which wedge injections 
transmit microbubbles through the pulmonary 
capilary bed is uncertain. Perhaps capillaries are 
dilated by the force of injection, or, alternatively, 
the short transit time permits microbubbles which 
are small enough to pass through pulmonary 
capillaries and which normally rapidly dissolve 
because of surface tension effects, to survive long 
enough to reach the left side of the heart. The 
“fineness” of the echocardiographic contrast ob- 
served in our patients suggests that passage through 
the pulmonary capillaries alters the microbubble 
content of the blood but this is a subjective observa- 
tion and very dependent on individual control 
settings. 

There was no obvious factor apart from the use 
of the Cournand catheter which strongly correlated 
with the successful achievement of contrast. Age, 
sex, diagnosis, pulmonary artery or pulmonary 
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wedge pressure, and arterial and venous oxygen 
saturations were similar in the groups with success- 
ful and unsuccessful studies. Catheter position may 
be important, for in one patient (case 18) previously 
negative left-sided contrast was followed by a 
positive study after catheter repositioning. Injection 
technique, too, may influence results, especially in 
regard to the force of injection and the possibility 
of the inclusion of tiny amounts of air with each 
bolus. 

The technique has not yet been shown to be 
totally safe, but there are reasons to expect that with 
care serious complications are unlikely to occur. 
Firstly, the flushing of catheters in the wedge 
position in an attempt to improve wedge tracings 
is a not uncommon occurrence, and, secondly, 
microbubbles are probably routinely introduced 
during left-sided injections and flushing during 
catheterisation, as judged by echocardiography— 
indeed, echocardiographic contrast was first noted 
in this way. There is no demonstrable harm 
attributable to these injections, and it is likely 
that the smaller microbubbles that pass the pul- 
monary capillary “sieve are even less harmful. 
However, it is important to be aware of the potential 
hazards from wedge injections: these are (1) lung 
damage from too forceful an injection (excessive 
pressure in a pulmonary artery branch from a 
Swan-Ganz catheter balloon may cause pulmonary 
artery rupture”); (2) prolonged wedging, which may 
cause pulmonary infarction; and (3) gas embolisa- 
tion to the coronary, cerebral, or systemic circula- 
tions. Thus, a meticulous technique, particularly 
in excluding obvious air from the wedge injections, 
as in left-sided intracardiac injections, is mandatory. 
Until the safety of this technique has been more 
firmly established, therefore, it must be considered 
an experimental procedure. 


The authors wish to thank Willem Gorissen for 
technical assistance. 
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Sometimes, 
hypertension resolves 
of its own accord 


The risk of sudden death is a constant 
companion for hypertensive patients who also have 
ischaemic heart disease. 

Indeed, sudden death is the first symptom of 
unsuspected coronary artery disease in as many as 
20% of cases." 

Sotazide is a new antihypertensive 
treatment whose qualities make it particularly 
suitable for long-term antihypertensive therapy. 

The beta-blocker component, sotalol, has an 
inherent long action which gives it round-the-clock 
antihypertensive and anti-arrhythmic activity on once 
daily dosage. In addition to reducing sympathetic 
drive, sotalol is ufique in possessing class III anti- 
arrhythmic activity whieh is particularly relevant in 
diminishing the risk of ventricular fibrillation. 


In Sotazide, sotalol is paired with 
hydrochlorothiazide, probably the best known and 
most trusted of all the thiazide diuretics. The 
combination has been thoroughly documented?-* and 
its efficacy in treating hypertension on once-daily 
dosage has been amply confirmed. 
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-other than the standard precautions concerning drug 
hypersensitivity. 
So when it comes to a decision of hydralazine or 
Hypovase in anti-hypertensive treatment, 
logically there would seem to be one choice: 
Hypovase. But perhaps that shouldn't be so - 2 
surprising. After all, it's 25 years since prazosin hydrochloride 
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. Echocardiographic differentiation of hypertensive heart 
disease and hypertrophic cardiomyopathy" 


YOSHINORI L DOI, JOHN E DEANFIELD, WILLIAM J MCKENNA}, 
HENRY J DARGIE, CELIA M OAKLEY, JOHN F GOODWIN 


From the Division of Cardiovascular Disease (Clinical Cardiology), Royal Postgraduate Medical School, 
Hammersmith Hospital, London 


SUMMARY The clinical differentiation of hypertensive heart disease from hypertrophic cardiomyopathy 
usually presents no problem but it is less clear whether an echocardiographic distinction can always 
be made and, if so, what those echocardiographic criteria of difference are. It can be inferred from 
recent publications that when echocardiographic criteria for hypertrophic cardiomyopathy are met in 
hypertensive subjects, both diagnoses may be made. This may be unjustified, and in order to clarify 
this problem the M-mode echocardiographic features of 37 patients with severe systemic hypertension 
were compared with those of 70 patients with hypertrophic cardiomyopathy and normal blood pressure. 

Systolic anterior movement of the mitral valve and/or.mid-systolic closure of the aortic valve were 
found in 82 per cent of patients with obstructive and 35 per cent of patients with non-obstructive 
hypertrophic cardiomyopathy. 'These features were not seen in patients with hypertension. The 
conventional echocardiographic features of left ventricular hypertrophy and function did not permit 


distinction between hypertensive heart disease and hypertrophic cardiomyopathy. 
The echocardiographic diagnosis of hypertensive heart disease from hypertrophic cardiomyopathy 
is, therefore, difficult unless systolic anterior movement of the mitral valve and/or mid-systolic closure 


of the aortic valve can be shown. 


Echocardiography is a useful procedure in the 
diagnosis of hypertrophic cardiomyopathy and the 
presence of asymmetric septal hypertrophy (septal 
thickness to left ventricular posterior wall ratio 
71:3) has, in particular, been considered to be 
pathognomonic for hypertrophic cardiomyopathy. 
Subsequently asymmetric septal hypertrophy has 
been found in many other conditions including 
hypertension.2-" Though earlier reports suggested 
that the hypertensive heart could be differentiated 
from hypertrophic cardiomyopathy using echo- 
cardiography,! !? difficulties have been observed 
when asymmetric septal hypertrophy (the ratio 
21:3) is the diagnostic criterion. Moreover, the 
classical echocardiographic features of hypertrophic 
cardiomyopathy, including asymmetric septal hyper- 
trophy, have been reanalysed recently and it has 
been shown that no single M-mode echocardio- 
graphic feature is consistently abnormal in hyper- 
trophic cardiomyopathy.? We have therefore 


* This work was supported by a grant from the British Heart 
Foundation. 
t Research fellow of the Medical Research Council of Canada. 
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assessed the M-mode echocardiogram for any 
features which may differentiate hypertensive heart 
disease and hypertrophic cardiomyopathy. 


Subjects and methods 


Thirty-seven patients with severe systemic hyper- 
tension were studied by M-mode echocardiography. 
The echocardiographic features of these patients 
were compared with those of 70 patients with 
hypertrophic cardiomyopathy and 37 normal 
controls. 

The patients with systemic hypertension all had 
a resting diastolic blood pressure of 120 mmHg or 
more before treatment. All had electrocardiographic 
evidence of left ventricular hypertrophy with gross 
ST-T changes. None of these hypertensive patients 
was in left ventricular failure nor did they have any 
clinical evidence of left ventricular outflow tract 
obstruction or coronary artery disease: cardiac 
catheterisation had not been performed. All patients 
were on diuretics, beta-adrenergic blocking drugs, 
methyldopa, minoxidil, or a combination of these 
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drugs. There were 17 men and 20 women, age range 
20 to 69, mean 46 years. 

- The patients with hypertrophic cardiomyopathy 
were all normotensive and had clinical and angio- 
graphic evidence of hypertrophic cardiomyopathy.“ 
They were considered to have obstruction if the 
left ventricular outflow tract gradient at rest or after 
provocation (with amyl nitrite inhalation or the 
Valsalva manoeuvre) was equal to or greater than 
20 mmHg; 48 patients had resting or provocable 
obstruction, while 22 patients had no obstruction. 
There were 42 male and 28 female patients, ranging 
in age from 12 to 70, mean 44 years. 

Thirty-seven normal controls were studied, 14 
men and 23 women, age range 20 to 60, mean 34 
years. 


ECHOCARDIOGRAM 
Left ventricular, mitral valve leaflet, aortic root, and 
left atrial echocardiograms were obtained by 
standard methods," using an Ekoline 20 ultrasono- 
scope with a 2-25 MHz transducer, having a 
repetition frequency of 1000 pulses per second. 
The output was displayed on a Cambridge strip 
chart recorder with a simultaneous electrocardio- 
gram. Studies were made with subjects supine or 
in a partial left lateral position, with the transducer 
at the left sternal edge. 

'The following echocardiographic features were 
assessed (Fig. 1 and 2): (1) ventricular septal thick- 
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Fig. 1 


The echocardiographic features assessed. 

IVS, ventricular septal thickness ; ratio, septal thickness 
to left ventricular posterior wall (LVPW) ratio; IVS 
amp, septal amplitude of motion; LVESD, left 
ventricular end-systolic dimension; IV S-C, septal-mitral 
valve distance at the onset of systole; ECG, 
electrocardiogram. 
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Fig. 2 The echocardiographic features assessed. 
MSCAY, mid-systolic closure of the aortic valve; 
SAM, systolic anterior movement of the mitral valve; 
AO, aortic root; LA, left atrium; MV, mitral valve. 


ness at end-diastole, (2) ventricular septal amplitude 
of motion, (3) ventricular septal thickness to left 
ventricular posterior wall ratio, (4) left ventricular 
end-systolic dimension, (5) septal-mitral valve 
distance at the onset of systole, (6) presence or 
absence of systolic anterior movement of the mitral 
valve,and (7) mid-systolic closure of the aortic valve. 
Features (1) to (4) were assessed from the echo- 
cardiograms obtained just below the plane of the 
mitral valve, where the minor axis of the left 
ventricle was recorded. Features (5) and (6) were 
assessed from the echocardiograms obtained at the 
plane of the mitral valve tips where both anterior 
and posterior leaflets were recorded simultaneously. 
Feature (7) was assessed from the echocardiograms 
obtained at the plane of the aortic root and the left 
atrium where both anterior and posterior aortic 
cusps were visualised. 


STATISTICAL ANALYSIS 

Standard statistical analyses were performed. One 
way.analysis of variance was performed initially to 
test the difference between means of more than two 
groups; when significant, a two-sample Wilcoxon 
test was used because the data were not normally 
distributed. 


-— 
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Results 


The results for the seven features analysed are 
shown in the Table. 


HYPERTENSIVE HEART COMPARED WITH 
NORMAL HEART 

The median ventricular septal thickness and 
ventricular septal thickness to posterior wall ratio 
in hypertension were significantly greater than in 
normal controls (p « 0-001). The other features were 
not significantly different, but no normal control or 
hypertensive patient showed systolic anterior 
movement of the mitral valve or mid-systolic 
closure of the aortic valve. 


HYPERTENSIVE HEART COMPARED WITH 
HYPERTROPHIC OBSTRUCTIVE 
CARDIOMYOPATHY 

The median ventricular septal thickness and 
ventricular septal thickness to posterior wall ratio 
in hypertension were significantly less than in 
hypertrophic obstructive cardiomyopathy 
(p « 0-001) (Fig. 3). The median ventricular septal 
amplitude of motion, septal-mitral valve distance 
at the onset of systole, and left ventricular end- 
diastolic dimension were all significantly greater in 
hypertension than in hypertrophic obstructive 
cardiomyopathy (p « 0-001, p «0-001, and p < 0-05, 
respectively). Of 47 patients with hypertrophic 


Table Echocardiographic data 








Non- 
Normal Hypertension obstructive Obstructive 
HCM HCM 
IVS 
thickness 10:0 140 140 19-0 
(mm) (9-0-10-0)  (13-0-16:0) (12:0-19-0) (17:0-22-0) 
IVS 
amplitude 7:0 TO 50 40 
(mm) (6-0-8:0) (6-0-8-0) (4:0-6:0) (4:0-5-0) 
IVS/LVPW 11 14 1-75 2-0 
ratio (1-1-1-2) (1-3-1-5) (155-21) (1:8-2:3) 
IVS-C 31:0 30-0 24-5 21:0 
(mm) (29-0-34-0) (28-0-31:0) (21:0-29:0) (19-0-23-0) 
LVESD 28-0 25-0 25-5 24:0 
(mm) (27.0-29-0) (2440-30-0) (22.0-30-0 (21:0-26:0) 
SAM 0/37 cases 0/37 cases 6/22 cases 36/47 cases 
MSCAV 0/37 cases 0/37 cases 3/14 cases 27/35 cases 





HOM, hypertrophic cardiomyopathy; IVS, ventricular septum; 
LVPW, left ventricular posterior wall; IVS-C, septal-mitral valve 
distance at the onset of systole; LVESD, left ventricular end- 
systolic dimension; SAM, systolic anterior movement of the 
mitral valve; MSCAV, mid-systolic closure of the aortic valve. 
Figures in parentheses, 95% confidence for the median. 





Non-obstructive 
HCM 


Obstructive 
HCM 


Fig. 3 Ventricular septal thickness (IVS) to left 
ventricular posterior wall (LVPW ) ratio. 
HT, hypertension; HCM, hypertrophic cardiomyopathy. 


obstructive cardiomyopathy, 36 had systolic anterior 
movement of the mitral valve.and 27 of 35 patients 
had mid-systolic closure of the aortic valve. In 13 
patients, the occurrence of mid-systolic closure of 
the aortic valve could not be adequately assessed. 


HYPERTENSIVE HEART COMPARED WITH 
HYPERTROPHIC NON-OBSTRUCTIVE 
CARDIOMYOPATHY 

'The median ventricular septal thickness to posterior 
wall ratio in hypertension was significantly less 
than in non-obstructive hypertrophic cardiomyo- 
pathy (p « 0-001) (Fig. 3) and the median ventricular 
septal amplitude of motion and septal-mitral valve 
distance at the onset of systole were significantly 
greater than in non-obstructive hypertrophic 
cardiomyopathy (p<0-001, and p<0-05, respect 
tively) (Fig. 4 and 5). The median ventricula- 
thickness and left ventricular end-systolic dimen- 
sion were not significantly different (Fig. 6 and 7). 
In non-obstructive hypertrophic cardiomyopathy, 
six of 22 patients had systolic anterior movement of 
the mitral valve and three of 14 patients had mid- 
systolic closure of the aortic valve. In eight patients, 
mid-systolic closure of the aortic valve could not 
be adequately assessed. 
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Discussion 


At necropsy left ventricular hypertrophy secondary 
to hypertension is usually regarded as symmetrical, 
uniformly involving the septum and the left 
ventricular posterior wall!!? Echocardiographic 
work has led to this conventional view being 
questioned, and asymmetric septal hypertrophy 
has been observed in hypertension.5-!! The present 
study, examining patients with severe systemic 
hypertension, showed increased septal thickness 
and increased septal thickness to posterior wall 
ratio compared with normal controls. This is 
consistent with the study of Bahler et ai.1® which 
showed that septal thickness has a greater influ- 
ence on the summated vector and SV1+RV6 than 
does the thickness of the posterior wall assessed 
by echocardiography. 

Other echocardiographic features of hypertensive 
patients were similar to those of normal controls. 
Neither systolic anterior movement of the mitral 
valve nor mid-systolic closure of the aortic valve 
were seen either in hypertensive patients or normal 
controls; this is consistent with the findings of 
Savage et al. in 234 hypertensive patients. 

Despite the reports of asymmetric septal hyper- 
trophy in normal children,’ in athletes,>4 and in 
many other forms of congenital and acquired heart 
disease,*-? including systemic hypertension, t it 
is still claimed that asymmetric septal hypertrophy 


IVS amplitude of motion 
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Fig. 4 Ventricular septal (IVS) amplitude of motion. 
HT, hypertension; HCM, hypertrophic cardiomyopathy. 
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Fig. 5 Septal-mital valve distance (IVS-C) at the 
onset of systole. HT, hypertension; HCM, hypertrophic 
cardiomyopathy. 


is diagnostic for hypertrophic cardiomyopathy.!? 1? 
In our study, 70 per cent of hypertensive patients 
had the ratio 21:3, so clearly asymmetric septal 
hypertrophy .is not diagnostic for hypertrophic 
cardiomyopathy. Other workers have found asym- 
metric septal hypertrophy in 4 to 47 per cent of 
hypertensive patients.971? 18 All our patients had 
electrocardiographic evidence of severe left ventri- 
cular hypertrophy with pronounced ST-T changes 
and this may account for the increased incidence of 
asymmetric septal hypertrophy in comparison with 
the other studies. Though utilisation of the ratio 
21-5 improves the diagnostic specificity for hyper- 
trophic cardiomyopathy,????! in our study 13 
hypertensive patients (35%) had such a ratio. 

All the echocardiographic features measured 
showed significant differences between hypertension 
and hypertrophic obstructive cardiomyopathy 
(Table). The majority of patients with hypertrophic 
obstructive cardiomyopathy showed systolic an- 
terior movement of the mitral valve and/or mid- 
systolic closure of the aortic valve, and the presence 
of one of these two features differentiates hyper- 
trophic obstructive cardiomyopathy from hyper- 
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Fig.6 Ventricular septal (IVS) thickness. 
HT, hypertension; HCM, hypertrophic cardiomyopathy. 


tension. Among nine patients with hypertrophic 
obstructive cardiomyopathy who did not show 
either systolic anterior movement of the mitral valve 
or mid-systolic closure of the aortic valve, six had a 
ventricular septal thickness to left ventricular 
posterior wall ratio greater than 2-0; this was not 
seen in the hypertensive patients (Fig. 3). Only 


LVESD 





HT 


Non-obstructive 
HCM 


Fig. 7 Left ventricular end-systolic dimension (LVESD). 
HT, hypertension; HCM, hypertrophic cardiomyopathy. 
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three patients (6°.,) with hypertrophic obstructive 
cardiomyopathy, therefore, could not be differen- 
tiated from hypertensive patients. 

In the patients with hypertension and those with 
non-obstructive hypertrophic cardiomyopathy, ven- 
tricular septal thickness and left ventricular end- 
systolic dimension were identical; though septal 
amplitude of motion, the ventricular septal thickness 
to left ventricular posterior wall ratio, and septal- 
mitral valve distance at the onset of systole showed 
statistical difference between the median values of 
the two groups, the degree of overlap made 
differentiation of the individual patient difficult 
(Fig. 3 to 7). Only a small number of patients with 
non-obstructive hypertrophic cardiomyopathy had 


HT 





Fig. 8 Representative echocardiograms of patients with 
hypertension and hypertrophic cardiomyopathy. 

HT, hypertension; HCM, hypertrophic cardiomyopathy ; 
ECG, electrocardiogram ; IVS, ventricular septal 
thickness; LVPW, left ventricular posterior wall. 


systolic anterior movement of the mitral valve or 
mid-systolic closure of the aortic valve. The 
presence of one of these two features or the ratio 
equal to or greater than 2-0 differentiates only 50 
per cent of non-obstructive hypertrophic cardio- 
myopathy from hypertension. The echocardio- 
graphic differentiation of non-obstructive hyper- 
trophic cardiomyopathy from hypertension cannot 
be made unless the patients with non-obstructive 
hypertrophic cardiomyopathy have systolic anterior 
movement of the mitral valve and/or mid-systolic 
closure of the aortic valve. 
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Systemic hypertension may coexist with hyper- 
trophic cardiomyopathy. Since the initial descrip- 
tion of two patients with hypertension and func- 
tional obstruction of the left ventricular outflow 
tract by Brock,?? several investigators have reported 
patients with hypertrophic cardiomyopathy and 
hypertension.?-5 In large series, however, hyper- 
tension is usually infrequent in patients with 
hypertrophic cardiomyopathy ** 27 (and McKenna 
et al., unpublished data on 216 patients). Erroneous 
use of conservative echocardiographic criteria may 
cause misdiagnosis of hypertrophic cardiomyopathy 
in hypertensive patients. 
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Identification of atrial septal defects by cross-sectional 
contrast echocardiography 
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SUMMARY Cross-sectional echocardiography, combined with injections of contrast into peripheral arm 
veins, has been used to study 15 patients with atrial septal defects and 10 patients with an intact 
interatrial septum. Of 11 patients with ostium secundum or sinus venosus atrial septal defects and 
left-to-right shunts a defect could be visualised in all, and in eight some degree of transfer of contrast 
from right atrium to left atrium was seen. In three of four patients with a dominant right-to-left shunt 
a defect was seen and in all there was free transfer of contrast from right atrium to left atrium. Though 
there may be variable loss of echoes in the septal image in patients with an intact interatrial septum, 
in general no fixed defect is seen and there is no transfer of contrast from right atrium to left atrium. 
This is a potentially valuable technique in the assessment of patients in whom an atrial septal defect 


is suspected. 


In the investigation of atrial septal defects by M- 
mode echocardiography, the features described have 
included dilatation of the right ventricle, reversed 
motion of the interventricular septum, and in- 
creased amplitude of opening motion of the tricuspid 
valve relative to the mitral valve. These criteria 
have been found to be lacking in sensitivity and 
specificity by some workers.‘ In general it is not 
possible to visualise the interatrial septum directly 
by M-mode echocardiography though this can be 
done using cross-sectional echocardiography.5-? 
With the additional use of injections of contrast the 
presence or absence of interatrial shunts can also 
be assessed.*-!* The purpose of this study was to 
evaluate the use of cross-sectional echocardiography 
combined with contrast injections into peripheral 
arm veins in the investigation of patients with atrial 
septal defects. 


Patients and methods 


Fifteen patients with atrial septal defects, age range 
6 to 53 years, were studied. Eleven patients had a 
dominant left-to-right shunt shown by estimation 
of oxygen saturations at cardiac catheterisation, with 
no detectable right-to-left shunt. Nine of these 
patients had an ostium secundum atrial septal 
defect, one a sinus venosus atrial septal defect, and 
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one had Lutembacher’s syndrome—an ostium 
secundum atrial septal defect and mitral stenosis. 
Four patients who were clinically cyanosed had a 
dominant right-to-left shunt, two with total 
anomalous pulmonary venous drainage, one with a 
secundum atrial septal defect and pulmonary 
hypertension at systemic level (Eisenmenger syn- 
drome), and one with complex congenital heart 
disease including dextrocardia and double outlet 
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Fig. 1 Diagram illustrating (left) the long axis of the 
heart and the plane of the ultrasound scan when the 
short axis view (right) is used. 

Ao, aorta; CW, chest wall; IAS, interatrial septum; 
LA, left atrium; RA, right atrium; RVOT, right 
ventricular outflow tract; TV, tricuspid valve. 
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right ventricle with free mixing across an atrial 
septal defect. All patients except one were also 
investigated by cardiac catheterisation, the one 
exception being the patient with Eisenmenger's 
syndrome in whom the diagnosis was subsequently 
confirmed at necropsy. 

The patients were studied by M-mode and cross- 
sectional echocardiography using a mechanical 30 


sector scanner with a 2:25 MHz transducer (Smith 
Kline Instrument Company). In all patients a 
variety of transducer positions were used to 


visualise the interatrial septum as well as possible. 





Fig. 2 Atrial septal defect (ostium secundum) and 
left-to-right shunt : single frames (left) and diagrams 
right); (a) before, and (b) after contrast injections. 

The interatrial septum (IAS) is shown to be defective of 
echoes posteriorly, and after injection of contrast into a 
peripheral arm vein contrast echoes are seen in the left 
atrium (LA) in addition to filling the right atrium (RA 
RVOT 

, tricuspid valve. 





and the right ventricular outfloc 
Ao, aorta; CW, chest wall; TV 


tract 
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These included apical four-chamber and subxiphoid 
views in addition to the parasternal short axis view 
in the plane of the aortic root (Fig. 1), with the 
transducer held in the third or fourth interspace at 


the left sternal edge. In some patients better 
visualisation of the interatrial septal defect was 
obtained with a modified short axis view, the 


transducer being held more laterally between the 
apex and the left sternal edge. Indocyanine green 
dye, 5 per cent dextrose, or normal saline were 
injected as contrast into a peripheral arm vein. In 
addition to the 15 patients with atrial septal defects, 
10 patients with an intact interatrial septum were 
also studied using peripheral contrast injections. 

The images were initially viewed on an oscillo- 
scope and stored on magnetic tape. They were 
subsequently recorded on 35 mm cine film using a 
cine camera synchronised with the sweep of the 
scanning ultrasound beam to produce cine film at 
15 frames per second. 


Results 


In all patients the interatrial septum was adequately 
visualised using the parasternal short axis view or a 
modified parasternal view with the transducer held 
more laterally. Good visualisation was achieved in 
four patients with the apical four-chamber view 
and in one child, aged 9, with both subxiphoid and 
apical views. In the 11 patients with an atrial septal 
defect and a left-to-right shunt a defect was seen 


in the septal image (Fig. 2 and 3). In three of the 
patients with a right-to-left shunt a similar 
appearance was seen (Fig. 4), but in the patient 


with complex congenital heart disease the septal 
defect was not consistently seen. The appearance 
of the interatrial septum in patients with a septal 
defect differs from that in patients with an intact 
septum in that, though there is often variable loss 
of echoes in the image of an intact septum as the 
septum moves across the plane of ultrasound during 
the cardiac cycle, there is generally no position of 
the ultrasound plane in which a fixed defect is seen. 
In patients with an intact interatrial septum an 
apparently fixed defect may be seen with certain 
transducer positions but this appearance is 
qualitatively different from that seen in most 
patients with an atrial septal defect in whom the 
upper edge of the defect is well defined (Fig. 3) and 
moves with a fixed relation to the aortic root 
during the cardiac cycle 

After injection of contrast into a peripheral arm 
vein in patients with an intact interatrial septum, 
contrast was seen initially in the right atrium and 
subsequently in the right ventricular outflow tract 
Fig. 5). No contrast was seen in the left atrium and 
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the interatrial septum was outlined by the contrast 
in the right atrium. In the patients with a dominant 
right-to-left shunt free transfer of contrast from 
right atrium to left atrium was seen (Fig. 4), with 










contrast subsequently appearing in the aortic root 
In eight of the patients with a dominant left-to- 
right shunt some degree of transfer of contrast 
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from right atrium to left atrium was seen (Fig. 2). 
The three patients with a left-to-right shunt in 
whom contrast was not seen to enter the left atrium 
were the patient with Lutembacher’s syndrome in 
whom there was a mean pressure difference of 
5 mmHg between left atrium and right atrium 
caused by the presence of mitral stenosis in addition 
to the secundum atrial septal defect; one patient 
with a secundum atrial septal defect and a very 
small left-to-right shunt with a pulmonary to 
systemic flow ratio of 1:3:1; and a patient in whom 
the injection of contrast failed to opacify the right 
atrium adequately. 

Attention was paid in all patients to the presence 
or absence of a negative contrast effect within the 
right atrium caused by left-to-right shunting of 
blood across the defect. This could be seen with 
confidence in only one patient. In this patient the 
positive transfer of contrast from right atrium to 
left atrium was particularly obvious. 

Discussion 

The interatrial septum can be visualised using 
cross-sectional echocardiography and in patients 
with an atrial septal defect there is loss of echoes in 
the posterior part of the septal image. As other 
workers have found,®*~* 12? the appearance of the 
defect in the septal image can be difficult to distin- 
guish from the variable loss of echoes that is seen 
in patients with an intact interatrial septum. We 
have found that in most patients with an atrial 
septal defect the appearance of the edge of the 
anterior part of the septal image differs qualitatively 
from that seen in normal patients in that the echoes 
from the edge are more intense and that this edge 
moves with a constant relation to the aortic root 
during the cardiac cycle. Though the appearance 
of an edge can be produced in patients with an 
intact interatrial septum, the position of this edge 
tends to vary more in relation to the aortic root 
during the cardiac cycle and with different planes 
of ultrasound. 

The short axis view in the plane of the aortic 
root, modified in some cases by holding the trans- 
ducer more laterally between the left sternal edge 
and the apex, was found to be the most satisfactory 
view for visualisation of the interatrial septum in 
this group of patients. Other workers have found 
apical or subxiphoid views more useful for the 
identification of atrial septal defects. " This 
difference may be partly explained by the age of 
our patients, all but two of whom were adults, 
since it is often not possible in adults to obtain these 
views adequately. 

We did not include patients with ostium primum 


Bourdillon, Foale, Rickards 


atrial septal defects in this study since the appear- 
ance of the interatrial septum and atrioventricular 


valves differs from the normal appearance in a 
number of important respects? which make this 
group of patients more readily distinguishable 


from patients with ostium secundum or sinus 








Intact interatrial septum 


Fig. 5 single frames (left 
and diagrams (right); (a) before, and (b) after contrast 
injections. The intact interatrial septum (IAS 
separates the right atrium (RA) from the left atriwn 
LA), and after injection of contrast into a peripheral 
arm vein contrast echoes fill the RA and right ventricular 
outflow tract (RVOT), outlining the IAS. In this 
patient the RA and RVOT are enlarged because of a 
large left-to-right shunt resulting from a communication 
between the LA and coronary sinus, with a persistent left 
superior vena cava. Ao, aorta; CW, chest wall; TV, 
tricuspid valve. 
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venosus defects and patients with intact interatrial 
septa. . 

In an individual patient examined by an experi- 
enced operator the appearance of the septal image 
can strongly suggest the presence of an ostium 
secundum atrial septal defect. This however is 
essentially a negative and, to some extent, a 
subjective finding. The transfer of contrast echoes 
from right atrium to left atrium is a positive feature 
which confirms the presence of a defect. The results 
we have obtained using this technique are similar 
to those of other workers?^! in that most patients 
with an atrial septal defect and a left-to-right shunt 
show some degree of transfer of contrast echoes 
from right atrium to left atrium after injection into 
a peripheral arm vein. 

We have not been able to confirm the findings 
of Weyman et al.? who found that the appearance 
of a negative contrast effect to the right of the 
interatrial septum was a more useful indicator of a 
left-to-right shunt than either the appearance of 
the defect itself or the positive transfer of contrast 
echoes from right atrium to left atrium. This 
negative contrast effect is more difficult to assess 
objectively than the appearance of contrast echoes 
in the unopacified left atrium, and on theoretical 
grounds it may be difficult to distinguish from 
other negative contrast effects caused by blood 
entering the right atrium from the coronary sinus 
and venae cavae. 

The technique of cross-sectional echocardio- 
graphy combined with contrast injections may also 
be useful when no fixed defect can be seen in the 
septal image and no transfer of contrast from right 
to left atrium is seen, since these negative findings 
indicate that the interatrial septum is intact. In one 
of the patients studied an atrial septal defect was 
strongly suspected on clinical grounds. The patient 
was subsequently found at cardiac catheterisation to 
have a persistant left superior vena cava with left 
atrial and coronary sinus communications, and 
cross-sectional contrast echocardiography helped to 
confirm that the interatrial septum was intact (Fig. 
5), in addition to demonstrating the enlarged 
coronary sinus and left atrial communication.!? 


Conclusions 


Cross-sectional echocardiography is a valuable 
technique in the assessment of patients in whom 
an atrial septal defect is suspected. A relatively 
specific appearance of the interatrial septum is 
observed in patients with atrial septal defects and 
injection of contrast into a peripheral arm vein 
helps to confirm the presence or absence of a defect. 
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Prediction of left ventricular pressure in 


infants with aortic stenosis" 


JOEL I BRENNER, KATHLEEN R BAKER, MICHAEL A BERMAN 
From the Division of Pediatric Cardiology, University of Maryland Medical School, 


Baltimore, Maryland, USA 


SUMMARY Peak systolic left ventricular pressure was predicted in five infants with aortic stenosis by 
use of a wall stress constant, K. K was determined in 10 normal infants according to the formula 
K =P. Ds/Ws, where P = arterial pressure by Doppler, Ds = end-systolic LV dimension, and 
Ws = end-systolic wall thickness. Left ventricular peak systolic pressure was estimated in five infants 
using the formula P = K . Ws/Ds. Excellent correlation was obtained between measured left ventricular 
pressure and left ventricular-aortic pressure difference at cardiac catheterisation and echo estimates. 
Echocardiographic assessment of the severity of aortic stenosis may be applied to infants with good 


results. 


Determination of the severity of left ventricular 
outflow tract obstruction by single crystal echo- 
cardiography was first reported by Bennett et al. 
in adult patients with valvular aortic stenosis.! The 
peak systolic left ventricular pressure and peak 
systolic pressure difference across the valve were 
predicted using relative wall thickness times a 
constant as an index of left ventricular systolic wall 
stress. The validity of this wall stress index was 
based on the observation that, given normal left 
ventricular function, the magnitude of concentric 
ventricular hypertrophy increases in response to 
increased afterload until wall stress is normalised. 

The reproducibility and reliability of the wall 
stress index were subsequently confirmed in 
children by several investigators.?-5 To date, how- 
ever, these measurements have not been applied to 
infants under 1 year of age with valvular aortic 
stenosis. This report communicates our experience 
with the wall stress index in this age group. 


Subjects and methods 


Data were obtained from 15 subjects less than 1 
year of age. Informed consent was obtained from 
the parents/guardians of each infant. Group 1 
(control subjects) consisted of 10 infants aged 1 to 
11 months, without evidence of cardiopulmonary 
disease, who underwent echocardiographic examina- 
* Presented in part at the Southern Society for Clinical Pediatric 
Research, New Orleans, Louisiana, January 1978. 
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tion during well-baby visits or while in hospital 
for minor surgical procedures. The constant, K, 
was derived from this group. 

Group 2 (aortic stenosis patients) consisted of 
five infants, aged 2 weeks to 11 months, with 
valvular aortic stenosis confirmed by complete right 
and left heart catheterisation. All infants in group 2 
had prominent left ventricular forces for age on 
scalar electrocardiogram. T'wo infants (cases 2 and 3) 
were in congestive heart failure as manifested by 
tachypnoea and poor feeding. 

Cardiac catheterisation was performed without 
premedication. Simultaneous left ventricular and 
descending aortic pressure was measured in four 
infants and Doppler left brachial pressure in the 
fifth. The peak left ventricular pressure ranged 
from 100 to 210 mmHg, and the peak pressure 
difference across the valve ranged from 10 to 
110 mmHg. The two infants in congestive heart 
failure were shown to have left-to-right atrial level 
shunts, left atrial, and pulmonary artery hyper- 
tension (mean left atrial pressure 12 and 13 mmHg; 
mean pulmonary artery pressure 55 and 25 mmHg, 
respectively). There were no associated cardiac 
defects. Three patients required surgical inter- 
vention, with two survivors. 

Echocardiographic assessments were performed 
with a Smith-Kline Ekoline 20 ultrasonoscope and 
a Smith-Kline strip chart recorder using light- 
sensitive paper. A 5 MHz non-focused transducer 
was used. The examination was carried out, with 
the infant supine, and with the transducer in the 
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Prediction of LV pressure 


third or fourth intercostal space along the left 
sternal border, and angled inferiorly and laterally 
until the posterior mitral valve apparatus was 
located. A technically adequate study required 
sweeping the left ventricle from the aorta to the 
apex, thus allowing visualisation and measurement 
of the left ventricular dimensions at the free edge 
of the mitral leaflet. 

Measurements of end-diastolic wall thickness 
(Wd), end-systolic wall thickness (Ws), end- 
diastolic cavity dimensions (Dd), and end-systolic 
cavity dimensions (Ds), were made from the 
echocardiographic trace (Fig. 1). Wall thickness 
was measured from the endocardium to the 
epicardium at end-diastole, corresponding to the 
Q wave of the simultaneous electrocardiogram ; and 
at end-systole, the point of maximal anterior 





Fig. 1 


Representative echocardiogram from a normal 
infant showing the location of the sites for measurement of 
left ventricular cavity diastolic dimension ( Dd), systolic 
dimension (Ds), end-diastolic wall thickness (Wd), and 
end-systolic wall thickness ( Ws). IVS, intraventricular 
septum. 
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motion of the left ventricular posterior wall, 
Transverse left ventricular end-diastolic and end- 
systolic cavity dimensions were measured from the 
endocardial septal echo to the endocardial free wall 
echo at the Q wave of the electrocardiogram, and 
at the maximal anterior free wall excursion, 
respectively. 

Peak systolic blood pressure was measured at the 
time of the echocardiographic examination in each 
infant, using a Doppler system. The method of 
Bennett et al. was then used to derive a pressure 
constant (K) from the subjects in group 1: K = P. 
Ds/Ws, where peak systolic blood pressure was 
assumed to equal left ventricular pressure in normal 
controls. 

The constant derived from group 1 (K in mmHg) 
was then used to estimate peak left ventricular 
pressure in the patients with aortic stenosis, where 
P — K. Ws/Ds. The peak systolic pressure differ- 
ence was determined by subtracting the Doppler 
systolic pressure from predicted left ventricular 
peak systolic pressure by echo. In group 2, the 
results were compared with those found at 
catheterisation. 


Results 


The echocardiographic measurements for group 1 
are shown in Table 1. End-diastolic wall thickness, 
end-systolic wall thickness, end-diastolic cavity 
dimensions, and end-systolic cavity dimensions 
were all within normal limits. Relative wall thickness 
(Ws/Ds) ranged from 0:29 to 0:52 (mean = a 
standard deviation of 0-4 0-07). The percentage 
of wall thickening with systole ranged from 48 to 
114 per cent (mean 72:5.-19-0%,). Shortening 
fraction ranged from 27 to 42 per cent (mean 
34 -.4.9",). Peak systolic blood pressure by 
Doppler was 68 to 104 mmHg (mean 86-7 11:9 
mmHg). The derived pressure constant, K, from 
this group ranged from 183 to 265 mmHg (mean 
216-7 —-21:9 mmHg). 

The echocardiographic data from the aortic 
stenosis patients (group 2) are shown in Table 2, 
and the data are compared in Table 3. End- 
diastolic wall thickness ranged from 0-42 to 0-64 cm 
(mean 0:51 0-08 cm), and end-systolic wall thick- 
ness ranged from 0-70 to 1:17 cm (0-93 0-21 cm). 
Both measurements were significantly greater than 
those in the control group (p « 0:01). End-diastolic 
cavity dimension and end-systolic cavity dimension 
did not vary significantly from group 1 (p » 0:5, and 
p>0-2, respectively). Relative wall thickness was 
greater in group 2, with a range of 0:56 to 1:03 cm 


ranged from 32 to 140 per cent (mean 83-4 -419?;), 
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Table 1 Control group 


Brenner, Baker, Berman 














Case no. Age Weight Wd Ws Dd Ds Ws/Ds LWT YSF BPs K 
(kg) (em) (cm) fem) fem) (mmHg) | (mmHg) 

1 11 mth 10-5 0-40 0-67 2:80 1-70 0-39 68 39 85 216 
2 6 wk 43 0-31 0-60 2:10 1:50 0-40 48 29 84 210 
3 2 mth 45 0:35 0-60 1-90 115 0-52 71 39 104 199 
4 2 mth 42 0-35 0-55 2:10 1:40 0:39 57 33 86 219 
5 2 mth 46 0-30 0-50 2:15 1:25 0-40 67 42 88 220 
6 4 mth 5:3 0:35 0:55 2:10 1:40 0-39 51 33 72 183 
7 2 mth 48 0:34 0-65 2:10 145 0:45 89 31 100 223 
8 1 mth 35:6 0-24 0:41 1:97 1:36 0:30 71 31 80 265 
9 6 mth 6:4 0-41 0:75 2:36 1:51 0:50 83 36 100 201 

10 2 mth 40 0-22 0:47 2:20 1-60 0-29 114 27 68 231 





Wd, end-diastolic wall thickness; Ws, end-systolic wall thickness; Dd, end-diastolic left ventricular dimension; Ds, end-systolic left 
ventricular dimension; BPs, peak systolic blood pressure by Doppler; %SF, 95 shortening fraction; %WT, % wall thickening in systole. 


and was not significantly different from group 1. 
Shortening fraction was increased for group 2, 
ranging from 27 to 50 per cent (mean 43-2 +9:2%). 
The -youngest infant, with clinical evidence of 
congestive heart failure and a large left-to-right 
atrial shunt at catheterisation, had a normal 


Table 2 Aortic stenosis group 


dwelling arterial line or Doppler (case 2). Simul- 
taneous left ventricular peak systolic pressure 
ranged from 100 to 210 mmHg. Using the pressure 
constant derived from group 1 (K = 217 mmHg), 
estimated left ventricular peak systolic pressure 
ranged from 123 to 222 mmHg. Excellent cor- 











Ao-Ps LV-Ps AP-Ps 
mmHg mmHg mmHg 
Case Age Weight Wd Ws Dd Ds Ws[Ds %WT %SF Cath Echo Cath Echo 
no. (kg) (cm) (cm) (cm) (em) 
1 limth 10-4 0-63 117 2-75 146 0-80 86 47 80 190 174 110 95 
2 2 wk 45 0-53 0-70 172 1:25 0-56 32 27 55* 122 122 67 67 
3 1 mth 45 O51 0-81 1:58 0-79 1-03 59 50 100 210 222 110 122 
4 7 mth 79 0:47 1-13 275 1-47 0-77 140 47 106 150 167 50 67 
5 8 mth 82 0-42 0-84 271 148 0:57 100 45 90 100 123 10 33 








Wd, end-diastolic wall thickness; Ws, end-systolic wall thickness; Dd, end-diastolic left ventricular dimension; Ds, end-systolic left 
ventricular dimension; %WT, per cent wall thickening in systole; %SF, per cent shortening fraction; Ao-Ps, peak systolic aortic pressure 
during cath or (*) by Doppler (mmHg); LV-Ps, peak systolic left ventricular pressure, in mmHg, during cath and predicted by echo; 
AP-Ps, peak systolic pressure difference between LV and Ao (mmHg) during catheterisation and predicted by echocardiogram. 


shortening fraction of 27 per cent, while an 
asymptomatic infant with only a 10mm peak 
systolic pressure difference had an abnormal 
shortening fraction of 45 per cent. 

Peak systolic aortic pressure at catheterisation 
ranged from 55 to 100 mmHg, measured by in- 


relation (r = 0:94) was found between directly 
measured peak left ventricular pressure and 
estimated peak pressure (Fig. 2). The peak systolic 
pressure difference across the aortic valve measured 
at catheterisation ranged from 10 to 110 mmHg, 
while the pressure difference predicted by echo 





'Table 3 
Wd (cm) Ws (cm) 

Mean 0:33 0-58 
Group 1 Control 

iSD 0-06 0-10 

Mean ‘051 0-93 
Group 2 Aortic stenosis 

+8D 0-08 021 

pP «001 «0-01 


Dd (cm) Ds (cm) Ws/Ds AWT %SF 
2:18 1-43 0-40 72:5 34 
0-25 0-16 0-07 19-0 49 
2:30 1:29 0-75 83-4 432 
0-60 0-30 0:19 41-0 02 
>05 >0-2 <0-01 >04 <0-05 





p value compares group 1 and group 2; SD, standard deviation. Other abbreviations as in Table 1. 


Prediction of LV pressure 


ranged from 33 to 122 mmHg. Again, excellent 
correlation (r = 0-95) was noted (Fig. 3). 


Discussion 


Non-invasive assessment of the degree of aortic 
stenosis has been generally unreliable. While the 
scalar electrocardiogram may indicate increased 
left ventricular forces as well as ST segment 
depression and T wave inversion in the paediatric 
patient with critical aortic stenosis, a normal resting 
electrocardiogram may be found in children with a 
significant peak systolic pressure difference, and 
show minimal change despite progressive obstruc- 
tion.5? While some investigators report the 
addition of stress electrocardiography and vector- 
cardiography aided in the detection of moderately 
severe aortic stenosis, other studies have been less 
conclusive.9?712 

Single crystal echocardiographic determination 
of left ventricular dimensions has afforded a reliable 
and reproducible technique in assessing the degree 
of left ventricular pressure resulting from valvar 
obstruction in children and adults. Johnson et al. 
initially used shortening fraction as a predictor of 
the severity of aortic stenosis." In the present series, 
the shortening fraction, while abnormal for group 2 
as a whole, was not as discriminating a predictor of 
severity of obstruction in these infants as has been 
reported in older children. 

As noted by Bennett et al. and re-emphasised by 
Glanz et al., derivation of the wall stress constant 


Predicted 
LV peak 
systolic 
ressure 
ECHO) 
mmHg 


y = 04x -13-52 
n=5 
r= 0:94 
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LV peak systolic pressure (cath) mmHg 


Fig. 2 Comparison of left ventricular (LV) peak 
systolic pressure obtained at cardiac catheterisation 
(cath) with that estimated from echocardiographic data 
(echo) in five infants with aortic stenosis. Excellent 
correlation (r = 0:94) is noted. 





409 
130 
110 
90 
Estimated 
peak 
systolic 70 
pressure 
difference 
(ECHO) 50 
mmHg 
30 
y= 1-20x- 22:9 
n=5 z 
10 r=0-95 
10 30 50 70 90 110 130 


Peak systolic pressure difference (cath)mmHg 


Fig. 3 Comparison of peak systolic pressure difference 
obtained at cardiac catheterisation (cath) with that 
estimated from echocardiographic data (echo) in five 
infants with aortic stenosis. Excellent correlation (r = 0-94) 
1s noted. . 


is based on the observation that left ventricular 
wall mass will proportionately increase in response 
to a pressure load until wall stress is normalised, 
and that systolic stress measurements are more 
sensitive than diastolic measurements in detecting 
hypertrophy. For these observations to remain 
valid, ventricular function must remain normal. 
In Bennett’s adult séries, when congestive heart 
failure was present, severity of obstruction could 
not be accurately predicted. In Blackwood's group 
of children, those with myocardial failure were 
excluded from the study. 

'Two infants in the present series were felt to be 
in congestive heart failure. In case 2, while the 
shortening fraction was not increased and did not 
suggest significant obstruction, the echo measure- 
ment of relative wall thickness indicated severe 
valvular stenosis. In case 3, both shortening fraction 
and peak predicted pressure indicated severe 
obstruction. 

One can postulate that the reliability of the wall 
stress index in these two infants is dependent upon 
the reduction of left ventricular preload by left 
atrial dilatation and subsequent left-to-right atrial 
shunt through the foramen ovale. This allows left 
ventricular function to remain on the ascending 
limb or peak of the length-tension curve. Thus, as 
long as there is a “blow-off” for the volume 
presented to the left ventricle, ventricular dynamics 
and cardiac output can be maintained and the 
index is valid. If a left-to-right atrial shunt is not 
present, or if the resulting combined pressure load 
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to the left ventricle and volume load to the right 
ventricle exceeds the oxygen demands of the myo- 
cardium, caution should be exercised in applying 
the wall stress index, since cardiac dilatation would 
lead to underestimation of peak left ventricular 
systolic pressure. : 

In summary, these data indicate that the echo- 
cardiographic determination of relative wall thick- 
ness in infancy allows the most accurate prediction 
of peak left ventricular pressure and peak systolic 
pressure differences across an obstructed valve. In 
patients with aortic stenosis, the technique is 
ideally suited as a screening device and for serial 
assessment of increasing pressure difference with 
age. It should prove useful in selecting a suitable 
time for cardiac catheterisation and in follow-up 
management of these patients. 
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Blood pressure and effect of exercise in children 
before and after surgical correction of coarctation of 
aorta 


A EARLEY, M C JOSEPH, E A SHINEBOURNE, M DE SWIET 


From the Department of Paediatrics, Cardiothoracic Institute, Brompton Hospital, 
Fulham Road, London 


SUMMARY Systolic blood pressure was measured at rest and during exercise in 43 children who had 
undergone operation for correction of coarctation of the aorta, five children awaiting surgery for 
coarctation, and 22 control children. Ages ranged from 2 to 15 years, mean 7:6 years. 

The mean blood pressure of children with coarctation in both the pre- and postoperative groups 
was significantly higher at rest than in the controls. Of 43 postoperative patients, 15 (35%) were 
hypertensive (systolic blood pressure more than 95th centile), and 12 of these had a gradient between 
the upper and lower limb. Seven of the 28 normotensive patients also had a gradient postoperatively. 

Exercise increased the blood pressure more in children with coarctation than in controls, but 
there was much individual variability and this difference was not significant. Some children with 
coarctation developed very high blood pressures on exercise, but this was not related to the presence of 


a gradient. 


The mean interval after operation was significantly shorter in the hypertensive group, independent 


of the age at operation. 


Hypertension with or without a gradient commonly persists despite apparent successful surgical 
correction, but exercise is of limited value in its assessment in this age group. 


It has been shown that there is a significant inci- 
dence of premature death in patients surviving 
operation for coarctation of the aorta, and that 
cardiovascular disease is the primary cause of these 
deaths. Hypertension has been established as a 
major risk factor for cardiovascular disease,? and 
persistence of hypertension after repair of coarcta- 
tion is likely to be an important factor in these 
deaths. 

The hypertension after resection of coarctation 
may be in the upper limb only and associated with 
a gradient between upper and lower limbs, or it 
may be generalised, that is present in both upper 
and lower limbs without a gradient. The measure- 
ment of blood pressure during exercise may be a 
more sensitive method of detecting hypertension 
after operation, also reflecting blood pressure levels 
during normal activities more accurately than 
measurements at rest?* We have therefore 
measured upper and lower limb pressures in 
Received for publication 24 March 1980 


children with previously resected coarctation, some 
of whom were hypertensive, and have investigated 
the effect of exercise on the upper limb pressure. 


Subjects and methods 


Studies were made of 48 children with coarctation, 
29 boys and 19 girls, aged 2 to 15 years. Of these, 
43 had had previous surgical repair of their coarcta- 
tion, and the result had been considered satisfactory. 
'Three patients had had operations in infancy, and 
now required further operation for recoarctation 
which had been confirmed at cardiac catheterisation. 
Two patients who were newly diagnosed were 
studied before operation. Twenty-two normal 
children aged 2 to 12 years were used as controls. 
These were healthy sibs of patients, or relatives of 
hospital staff. 

Seven of the children had other cardiac lesions 
in addition to coarctation: two had ventricular 
septal defect (one with the pulmonary artery 


All 


412 


banded), two had aortic valve disease, one had 
mitral valve disease, one had complex cyanotic 
congenital heart disease, and one had had a Mustard 
operation. Two of the children were taking anti- 
hypertensive drugs at the time of study. The age at 
operation ranged from 7 days to 168 months (mean 
20 months), and the length of postoperative follow- 
up ranged from one month to 144 months (mean 73 
months). 

Measurements were made using the Parks 
Doppler ultrasound system’ and a random zero 
sphygmomanometer.* The upper limb blood 
pressure was measured using a cuff with an 
inflation bladder 7-6 cm wide and 15-5cm long 
for arms with a circumference of 22 cm or less, and 
with an inflation bladder 12:5 cm wide and 22:5 cm 
long for arms with a circumference greater than 
22 cm. The relation of these cuffs to arm size has 
previously been evaluated." A 12 cm cuff was used 
to measure all blood pressures in the leg, as all leg 
circumferences were greater than 22 cm. Measure- 
ments were made in triplicate, and the mean 
subsequently analysed. The children’s weight, 
maximum arm and leg circumference, and any drug 
treatment were recorded. The blood pressure was 
recorded in the right arm sitting, and then in the 
right leg while the child was sitting with the leg 
stretched out horizontally. The sitting position was 
used because we found that younger children were 
unco-operative when made to lie down for blood 
pressure measurements. The patients then exercised 
for three minutes, after which the blood pressure 
was measured in the right arm with exercise 
continuing until the measurements were completed. 
The heart rate was recorded continuously using 
chest electrodes and an electrocardiographic 
monitor. 

Children aged 7 years and over exercised on a 
bicycle ergometer with a work load of approximately 
two watts/kilo body weight, and 60 to 70 pedal 
revs/minute. The work load was adjusted so that 
the heart rate remained over 150/minute during 
exercise. Children younger than 7 exercised on a 
treadmill, the slope of which was kept at 20 per cent, 
and the speed increased until the heart rate remained 
over 150/minute. This heart rate was chosen 
because it occurs at a work load of approximately 
half the child’s physical working capacity® and 
represents a submaximal exercise level. 

A blood pressure gradient was arbitrarily defined 
as a difference of more than 5 mmHg between the 
upper and lower limb. We defined hypertensive 
subjects as those with a systolic blood pressure 
above the 95th centile for blood pressure as defined 
by the American task force for blood pressure 
control in children.? 
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All values have been quoted as means +SD. 
The mean values have been compared by Student's 
t test. i 


Results 


(1) BLOOD PRESSURE AT REST 

Fifteen (35%) of the 43 postoperative patients were 
hypertensive at rest (see Fig. 1); of these, three had 
systolic hypertension without a gradient, and 12 
had a gradient between the upper and lower limb. 
The gradient varied from 9 to 38 mmHg, mean 
20 mmHg. Seven of the normotensive postoperative 
patients also had blood pressure gradients between 
the upper and lower limb, and this ranged from 6 to 
28 mmHg, mean 14mmHg. Four of the five patients 
studied preoperatively (two with recoarctation and 
two new patients), had upper limb pressures above 
the 95th centile. One of the five had an unrecordable 
lower limb blood pressure: the gradient in the other 
four patients ranged from 26 to 41 mmHg, mean 
35 mmHg. 

None of the control group was hypertensive 
(Fig. 1) and values for resting blood pressures in 
this group corresponded to previously published 
data for blood pressure in this age group.? None of 
the control group had a gradient between the upper 
and lower limb. 


(2) BLOOD PRESSURE DURING EXERCISE 

Fig. 2 and the Table show blood pressure during 
exercise and at rest in preoperative, postoperative, 
and control groups. The mean blood pressure was 
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Fig. 1 Upper limb systolic blood pressures of controls 
and patients with coarctation postoperatively, measured 
at rest. Centiles taken from report of task force on blood 
pressure? 
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Fig. 2 Mean increase in blood pressure on exercise in 
patients with coarctation, before and after operation, and , 
in controls, 


highest, as expected, in the preoperative group, but 
was also significantly higher than in the controls 
in the postoperative group, both at rest and during 
exercise (p < 0-001). 

Upper limb systolic pressure increased on 
exercise in all the children. The mean increase in 
blood pressure in children with coarctation was 
25 mmHg, but this was not significantly more than 
in controls, where the mean rise on exercise was 
21 mmHg (Table). The mean increases in the 
hypertensive postoperative group, and in the pre- 
operative group were 24 and 25 mmHg, respec- 
tively. The presence of hypertension therefore did 
not significantly alter the blood pressure response 
to exercise in these children. Persistence of a 
gradient between upper and lower limb pressures 
did not affect the rise in blood pressure on exercise 
either, as the mean rise in blood pressure in the 
children with gradients was 21 mmHg. 

Two children developed very high blood pres- 
sures during exercise—increases of 50 and 80 


413 


mmHg. One of these was hypertensive without a 
gradient, the other was normotensive. 

We were unable to relate the presence of hyper- 
tension to age at operation, though the interval 
since operation was significantly shorter in the 
hypertensive group, independent of age at operation. 
The mean interval since operation of the hyper- 
tensive children was 53-+30 months, whereas for 
the normotensive postoperative group it was 
80 +37 months (p < 0-01). 


Discussion 


We have confirmed other studies which have shown 
that hypertension remains a considerable problem 
in children after operation for coarctation??? and 
that these children have higher blood pressures than 
controls during exercise as well as at rest. It is 
likely that this hypertension contributes to the 
increased incidence of early deaths from cardio- 
vascular disease in these patients. The high 
incidence of hypertension after operation that we 
found was not the result of the artificial circum- 
stances of the hospital environment, since the blood 
pressures of controls, also measured in hospital, 
were in the normal range. 

We found that one-third of our patients were 
hypertensive. This is a slightly smaller proportion 
than reported by Maron et al) who found that 
37 per cent of postoperative patients were hyper- 
tensive 11 to 25 years later, though these authors 
defined hypertension as exceeding the 90th rather 
than the 95th centile. Nanton and Olley!? reported 
that 24 per cent of patients operated on in childhood 
remained hypertensive at least six months after 
operation. An earlier study of 87 patients from this 
department found that the overall incidence of 
hypertension after operation was 31 per cent. This 
study also suggested that the incidence of hyper- 
tension without a gradient was lower in the group 
operated on before 1 year than in those operated 
on later. In this study there were only three such 








Table | Upper limb mean resting blood pressure (mmHg -- SD) and effect of exercise 
No. Blood pressure Blood pressure Blood pressure 
at rest during exercise rise on exercise 
Control l 22 100 +10 122 +14 21 +11 
Preoperative 5 138 +18 163 +25 25 X14 
Postoperative: 
Hypertensive postoperative 15 130 +7 154 +17 24 412 
Postoperative + gradient 19 125 x9 146 x14 21 +10 
Total postoperative* 43 117 213 143 £21 25 til 





* Nine postoperative patients were neither hypertensive nor had a gradient. 
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hypertensive patients without a gradient, too small 
a number for valid comparison. 

Twelve of our hypertensive patients had a 
gradient between the upper and lower limb. 
Opinions differ as to the degree of gradient that is 
significant. Eshaghpour and Olley!! suggested that 
recatheterisation was indicated in any child with a 
gradient of more than 10 mmHg, and Maron et al.! 
also suspected "residual coarctation” in those with 
this gradient. Using these criteria 15 of our patients 
(10 of whom were also hypertensive) needed further 
study. Since in the normal child by the age of 1 
year the blood pressure in tbe leg, measured by the 
same technique, is already higher than in the arm,!5 
it might be argued that those children who have 
any gradient have some degree of residual coarcta- 
tion or have recoarctation, though the significance 
of this in terms of the circulation is not known. In 
our patients, those with larger gradients also 
tended to be hypertensive, that is 10 out of 15 
patients with gradients greater than 10 mmHg. 
The gradients reported here are underestimates of 
the true gradient since we made measurements on 
the leg with the children sitting. In this position 
blood pressure in the leg is increased as a result of 
the hydrostatic effect of a column of blood between 
the heart and the cuff, and the true leg pressure is 
therefore lower. 

The incidence of hypertension without a gradient 
in the postoperative patients studied was 7 per cent 
and was lower than in other series, but more 
hypertensive patients with a gradient (28%) were 
found. Nanton and Olley!? in their series found that 
24 per cent of children remained hypertensive after 
operation, and that this was associated with a 
gradient in 11 per cent and not associated with one 
in 15 per cent. 

'The value of exercise in the assessment of these 
children is doubtful. Though the mean rise in 
blood pressure on exercise was greater in those 
children with coarctation, particularly if they were 
hypertensive, this difference was not statistically 
significant, and there was considerable variation. 
This is shown by the greater standard deviation of 
exercise blood pressure (14 to 25 mmHg) compared 
with resting blood pressure (7 to 18 mmHg). Part 
of this increase in variability is a result of the 
difficulties of blood pressure measurement during 
exercise. Freed et al. showed a significantly 
greater rise in blood pressure after “exercise to 
exhaustion" in 30 postoperative patients, and it is 
possible that more strenuous exercise levels would 
have shown a greater blood pressure rise in our 
patients. The population studied by Freed er al., 
however, was considerably older than ours, as the 
mean age was 14 years and the youngest patient 
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was aged 6, whereas the mean age of our study 
group was 7:6 years and 13 patients were aged 6 or 
under. The rise in blood pressure on exercise was 
not related to the presence of a gradient at rest. 
Freed et al.5 and Connor!" have shown that the 
gradient between the upper and lower limb rose 
after exercise, and Connor has subsequently 
recommended recatheterisation in some patients on 
the basis of the postexercise gradient. In our 
opinion it is not possible to record blood pressure, 
with any accuracy, when the child had stopped 
exercising as our experience has shown that it 
starts to fall the instant exercise stops. This view is 
held by others.!? 1? Connor states that he measured 
blood pressure in the leg before the arm after 
exercise so as to underestimate any increase in 
gradient that might occur because of decrease in 
heart rate and cardiac output “in 30 to 45 seconds 
between measurements". Cumming er al.?° showed 
that heart rate in children fell from 200 to 120 beats/ 
minute within two minutes of stopping exercise, 
indicating again that measurements made during 
recovery from exercise are rapidly changing and 
inaccurate. We did not study enough children both 
before and after operation to show whether the 
rise in blood pressure which occurs preoperatively 
wil predict the effect of surgery on the blood 
pressure. Our previous experience with exercise 
tests in a group of children under 6 has shown that 
attempting more strenuous exercise levels only 
leads to lack of co-operation. We have been unable 
to find any published data on exercising very young 
children and therefore we used Godfrey et al.'s 
criteria? of heart rates for submaximal exercise to 
produce some standardisation of exercise levels. It 
is, thus, possible that exercising older children 
who are better able to co-operate and to exercise 
them to exhaustion may be helpful in the evaluation 
of the postoperative patient. 

It has been shown that exercise blood pressures 
give a better indication of the blood pressure during 
normal activities in adults than casual resting 
measurements,?^ and our results did show that 
two children who were normotensive or mildly 
hypertensive at rest, developed very high blood 
pressures during exercise. It is possible that these 
children should be taking antihypertensive treat- 
ment, since cardiovascular complications could be 
associated with peak rather than resting blood 
pressure. In fact, only two children were actually 
receiving treatment, and this may reflect the 
inaccuracy of pressure measurement or, more likely, 
a general reluctance to treat hypertension in 
children especially if it is mild. 

Measurement of blood pressure soon after 
operation was associated with a greater incidence 
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of hypertension. This suggests that the blood 
pressure may cross centiles and stabilise within 
normal limits, even if the child remains hyperten- 
sive for some months after surgery. Further 
analysis based on retrospective study of blood 
pressure recorded in the hospital case notes was 
not possible, because of inaccurate and varied blood 
pressure recording techniques. It is possible that 
the apparent decrease in incidence of hypertension 
with time occurs because some patients who were 
lost to follow-up were relatively hypertensive, and 
some may have died early in the follow-up period 
because of hypertension. A prospective study is 
necessary to evaluate these possibilities. Differing 
surgical techniques are unlikely to account for this 
observation, as all children studied had a similar 
operative technique, that is end-to-end anastomosis 
rather than aortoplasty. 

In conclusion, hypertension both with and 
without a gradient persists in up to one-third of 
patients after corrective surgery for coarctation, 
but the usefulness of exercise testing in assessing 
this in young children is limited by the degree of 
variation in the individual’s blood pressure response 
to exercise. There may be some value in detecting 
those children who, though only mildly hyperten- 
sive at rest, develop very high blood pressures on 
exercise. 


We gratefully acknowledge financial support from 
the British Heart Foundation for Dr Harley, and 
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Predictive value of ST segment elevation in 
cardiac pacing 


A G ARNOLD 
From the Department of Cardiology, John Radcliffe Hospital, Oxford 


SUMMARY In 366 pacemaker patients the influence of intracardiac ST segment elevation on the fate 
(displacement or perforation) of permanent cardiac pacemaker electrodes was studied. 

In one group of patients a retrospective analysis was carried out, the operator being aware of the 
degree of ST segment elevation and positioning the electrode to avoid very high or very low values 
wherever possible. In the second group a prospective trial was carried out. The final electrode position 
was determined solely by fluoroscopy and electrical threshold, and the ST segment shift measured 
afterwards. 

The combined rates of electrode displacement and perforation did not differ between these groups. 
High levels of ST segment elevation, greater than 10 mV, were found to predispose to electrode 
perforation. On the other hand, low ST segments did not predict a displacement. It is concluded that the 
ideal positioning technique should seek a low electrical threshold, a stable position, and avoid high ST 
elevation. 


The intracardiac electrocardiogram recorded via a 
pacemaker electrode varies according to the position 
of the electrode tip, and has been used to position 
temporary electrodes in the right ventricle when 
x-ray screening facilities are not available,’ or to 
aid correct positioning of the electrode for long-term 
pacing.2-+ 

In this study the spontaneous intracardiac 
electrocardiogram was analysed, not an evoked 
response. Both the QRS complex and the ST 
segment can be of assistance, and in this study we 
have concentrated on the latter (Fig.). ST segment 
elevation occurs when the electrode tip comes into 
contact with the ventricular endocardium, and is a 
result of the “current of injury"? It varies from 0-6 
to 15:0 mV and falls with time.? With impending 
perforation the ST segment elevation increases, and 
on perforation the ST segment becomes isoelectric, 
with T wave inversion.? It has been suggested that 
an optimal ST segment elevation of 2 to 8 mV 
should be sought during insertion, since lower 
values might be followed by electrode displace- 
ment? and higher ones by electrode perforation,” * 8 
though few substantiating data have been publisbed. 


ST elevation 


Materials and methods 
Fig. The spontaneous intracardiac electrocardiogram, 


The study was divided into two parts, the first 
Received for publication 31 March 1980 


showing the measurement of the ST segment elevation 
together with a one millivolt calibration wave. 
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ST elevation in cardiac pacing 


being a retrospective study of 163 pacemaker 
implantations (group 1). In these cases the final 
electrode position was partly determined by the 
intracardiac electrocardiogram. If the ST elevation 
was very high or very low the electrode position 
was moved in an attempt to achieve a more moderate 
value, though occasionally it could not be altered. 
The second part of the study was a prospective one 
of 203 consecutive insertions (group 2), where the 
intracardiac electrocardiogram was recorded only 
after final positioning, which it did not, therefore, 
influence. 

All intracardiac electrocardiograms were recorded 
by an ultraviolet light recorder (frequency response 
650 Hertz) and a permanent trace was kept, 
together with a 1 mV calibration deflection. The 
study lasted from January 1977 to July 1979 with 
a minimum follow-up period of six months for each 
patient. The implantations were performed by 
several experienced operators. Several routes of 
insertion and several electrode types were used, 
but not modern helical or active fixation electrodes. 
One type of electrode produced very high failure 
rates, and the results of those insertions were 
excluded from the study. 


Table 1 Outcome of pacing in groups 1 and 2 





Perfora- Other 
compli- Total 
cations* (No.) 
(No) (%) (No) (%) | (No) 


Displace- 
Nermal ment tion 


No.) (%) 














Group 1 
retrospec- 
tive 129 79-1 8 49 ll 67 15 163 


Group 2 
prospective 178. 877 13 64 7 34 5 203 
n==203 





* Including fractured electrodes, elevated thresholds, and pacemaker 
cavity infections. 


The electrocardiograms were analysed for the 
height of the ST elevation, and for the shape of the 
T wave. The ST elevation found was allocated 
into three subgroups, 0 to 4-9 mV, 5 to 9-9 mV, 
and greater than 10 mV. These, and the shape of 
the T wave, were then compared with the outcome 
of the pacemaker implantation, and the results 
tested for statistical significance by the y? test. 


Results 


The overall rates of displacement and perforation 
in groups 1 and 2 are shown in Table 1. ST elevation 
tended to be lower in group 2 (group 1, mean 7-33, 
SD +3-5; group 2, mean 5-76, SD +3-81, p < 0-001). 
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Table 2 Effect on outcome on ST elevation 








ST elevation 
0 to 4-9 $10 9:9 10— 
QNo) (%) | (No) (9) | (Ne) (99) 
Group n—121 n-186 n=59 
1 22 84 23 
Normal 2 85 69 24 
Total 107 88:4 153 82:3 47 79:6 
1 1 6 1 
Displacement 2 6 5 2 
Total 7 5:8 11 59 3 5'1 
1 0 6 5 
Perforation 2 1 2 4 
Total i 08 8 43 9 152 
1 3 12 0 
Other* 2 3 2 0 
Total 6 5 14 T5 0 0 





* See footnote to Table 1. 


Though there was a lower rate of perforation and 
a higher rate of displacement in group 2 compared 
with group 1, these differences were not significant. 
The combined rates of perforation and displacement 
were similar in the two groups. Other complications, 
such as electrode fracture, were commoner in 
group 1, where the follow-up period was slightly 
longer (group 1, mean 23-1 months; group 2, mean 
18-4 months). 

The outcome of pacemaker implantation is 
related to.the height of ST elevation in Table 2. 
The relation of ST elevation to displacement was 
not significant, but there was a strong positive 
correlation between raised ST elevation and 
perforation (p < 0-001). 

In Tables 3 and 4 the presence of T wave inver- 
sion was matched with the degree of ST elevation, 
and with the outcome of pacing, and it was clear 
that there was no strong association. Both high and 
low ST elevation were more often associated with 
T wave inversion. 

When we analysed our data in different groupings 
(0 to 2 mV, 2 to 8 mV, 8 mV upwards) our findings 
were unaltered. 


Table 3 Relation of T wave to ST elevation in 
prospective study 








ST elevation Upright T Inverted T Isoelectric T 

(mV) ———— ——— ——— 
(No.) (96) (No.) (95) (No.) (%) 

0-4:9 34 35-7 40 42:1 21 22:1 

n=95 

5-9-9 34 43-6 14 17-9 30 38-5 

n=78 

10 Plus 7 233 9 30 14 46-7 

n=30 
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Discussion 


Despite advances in pacemaker implantation 
techniques, the rate of displacement remains at 
around 10 per cent,® and electrode perforation is 
also a significant problem.!? It is therefore 
important to minimise these risks by seeking an 
optimal position of the electrode in the right 
‘ventricle. Though some centres measure ST 
elevation during pacemaker implantation, others do 
not, and its value has not been fully studied 
previously. 

In group 2 electrode positioning was undertaken 
in ignorance of the degree of ST elevation, which 
tended to be lower than in group 1. The overall 
rate of pacemaker complications (perforation plus 
displacement) was no higher in this group, despite 
the fact that the intracardiac electrocardiogram had 
not been used during positioning. 


Table 4 Relation of T wave to pacemaker outcome in 
the prospective study 








Pacemaker Upright T Inverted T Isoelectric T 

outcome ———— —————— ——— 
(No.) (9) (No) (90) (No.) (%) 

Normal* 67 36:6 58 31-7 58 31-7 

n=183 

Displacement 6 46-2 3 231 4 30-8 

n=13 

Perforation 2 28-6 2 28-6 3 42-9 

n=7 





* Including five patients with other complications (Table 1). 


Higher levels of ST elevation were clearly as- 
sociated with an increased liability to perforation, 
but low levels were not associated with an increased 
liability to displacement as a recent study? claimed. 
These workers described ST elevation of less than 
2mV as unsatisfactory, but the range of ST 
elevation in their patients with displacement was 
similar to the range in their normal controls, with 
no statistical difference being shown. 

Intracardiac electrocardiograms should be 
routinely monitored during implantation of per- 
manent cardiac pacemaker electrodes, since the 


Arnold 


height of ST elevation is of some predictive value; 
levels between 0 and 10 mV are acceptable. T wave 
inversion is of no significance. 


I would like to thank Professor P Sleight and Dr D 
Bennett for their assistance with this study. 
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Ambulatory ST segment monitoring 
Problems, pitfalls, solutions, and clinical application 


V BALASUBRAMANIAN*, A LAHIRI, H L GREEN, F D STOTT, 
E B RAFTERY 


From the Department of Cardiology and Division of Bio-Engineering, Northwick Park Hospital and 
Clinical Research Centre, Watford Road, Harrow, Middlesex 


SUMMARY The introduction of frequency modulated recording systems for ambulatory electrocardio- 
graphic monitoring (Oxford Medilog mark 2 and Cardiodyne cassette recorders) prompted comparison 
with a conventional direct recording type of recorder (Oxford Medilog mark 1). The recordings obtained 
by the frequency modulated recorders were very much superior to those obtained by the direct recording 
type of recorder. The direct recording suffered from poor low frequency response, phase shift, and cable 
motions artefacts. Correction of these problems with careful attention to electrode application enabled 
stable graphs to be obtained over 24 hours. The clinical applications were explored by comparing the 
results of exercise tests with a computer assisted system with frequency modulated ambulatory monitor- 
ing in 30 patients. A range of ST deviations from pure ST depressions throughout 24 hours, pure ST 
elevation, and a combination of ST elevation and depression were seen, suggesting a spectrum of 
changes hitherto unsuspected in these patients. Painless ST changes were approximately twice as 
common as those associated with pain. These findings indicate a valuable role for ST segment monitoring 
in ischaemic heart disease, particularly with the availability of high fidelity modulated tracings which 


do not distort ST segments. 


Ambulatory monitoring of the electrocardiogram 
for the detection and quantification of arrhythmias 
has become an accepted and widely used diagnostic 
technique.‘ High quality recordings can readily 
be obtained from praecordial electrodes because the 
shape and temporal relations of the QRS complex 
are the most important features for arrhythmia 
analysis. This means that narrow band-width 
recordings can be safely employed to eliminate 
artefact and provide a stable baseline. However, 
narrow band-widths impose limitations on the use 
of ambulatory tape recordings to monitor ST seg- 
ment changes which may be significant of myocardial 
ischaemia, because these electrical events essentially 
have a low frequency, and the cut-off so essential 
for stabilising the baseline produces considerable 
ST distortion. Nevertheless, some workers have 
' used standard direct recording ambulatory tape 
recorders to detect ST segment shifts, though most 
have been cautious in interpreting the results in a 
quantitative fashion.*"!?^ The introduction of fre- 
quency modulated (FM) recording systems should 
go a long way towards solving these problems, but 
*Supported by British Heart Foundation 
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the dimensions of artefactual ST alterations and the 
precision and reproducibility of different com- 
mercially available systems have not yet been 
reported. We have conducted such an investigation 
and report the results here. 


Materials and methods 


'This investigation was conducted in three parts: 

(1) A detailed examination of the electrocardio- 
graphic electrode system to identify and correct 
possible sources of artefact. After considerable 
experimentation it was recognised that artefacts 
arose from the skin electrode interface, the move- 
ment of loose cables, and at the recorder cable 
junction. Artefacts arising at the skin electrode 
interface could be related to the method of skin 
preparation, muscle movements, electrode jelly 
stability, and electrode adhesion. 

(2) Three tape recorders commonly used for 
arrhythmia detection were evaluated for detection 
of ST segment changes: 

(a) Oxford Medilog mark 1 direct recording at 1/60 
real time continuously.* 
* Manufactured by Oxford Medical Systems, Abingdon, Oxon. 
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(b) Oxford Medilog mark 2 FM recording con- 
tinuously. * This has two channels for electro- 
cardiogram, one for time signals, and one for 
event marking. These can be played back at 60 
times recording speed. 

(c) Cardiocassette FM recording at real time.t This 
recorder has a built in programmer which starts 
the recorder at preset intervals of 15 minutes to 
two hours and stops it after five to 30 seconds. At 
the shortest programme of 15-minute intervals 
and 30 seconds recording time, a tape lasts 18 
hours. It can also be used for continuous re- 
cording for one hour and played back on any 
electrocardiograph at real time. 

The frequency characteristics of each machine 
were assessed by recording 1 mV and 2 mV square 
wave calibration signals and playing them back into 
the analyser. 

Each recorder was then evaluated by simul- 
taneously recording the electrocardiogram on all 
three in a total of 20 patients with ischaemic changes 
on the electrocardiogram during exercise. The 
standard for comparison was an online digital 
computer-assisted multichannel exercise system 
which produced continuous computed values for 
ST depression/elevation and ST slopet (Marquette; 
CASE). The exercise electrocardiogram was re- 
corded with this system as a standard. The record- 
ings from the Cardiocassette were played back 
directly via the CASE system. The Medilog mark 1 
and mark 2 recordings were converted into real 
time with suitable flutter compensation and then 
played back via the CASE system. Reproduction of 
signals at 1:1 was ensured by the initial calibration 
markers. The R wave amplitude was measured 
manually and the ST segments were computed at 
the J point and the ST slope at a point one-eighth 
of the RR interval after the J point. Any recordings 
with high frequency artefacts and isoelectric drift 
were excluded. 

(3) The clinical application of the three tape 
recorders was assessed in relation to the exercise 
test. Ambulatory electrocardiograms of 30 patients 
with positive exercise tests and symptomatic angina 
were monitored using two bipolar praecordial leads 
CM5 and CC5. The tapes were played back on an 
Oxford PB-4 deck into a Reynolds Medical Path- 
finder electrocardiographic analyser with an ST 
segment plotter.$ The plotting module had a zero 
reference, calibration markers, and two spots which 
could be positioned on the most horizontal part of 
the PR segment (isoelectric level) and on the J point 
of the ST segment. The ST segment plotter 


*Manufactured by Oxford Medical Systems, Abingdon, Oxon. 
T Manufactured by Cardiodyne Inc, Cupertino, California, USA. 
+ Marquette Electronics Inc, Milwaukee, Wisconsin, USA. 

§ Manufactured by Reynolds Medical Limited, Hertford. 
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estimated the difference in amplitude between these 
two points, excluding artefacts and ectopic beats. 
The analogue output of heart rate and ST segments 
were fed into a linear recorder at a paper speed of 
1 cm/hour of real time recording. The ST segment 
changes were correlated with the exercise test 
results and the patient diaries. Any ST depression 
or elevation at least 1mm below or above the 
isoelectric line, the total episode lasting at least for 
six minutes, was defined as abnormal for the 
purposes of this study. 


Results 


Electrode sites were chosen over bony sites free of 
major muscle masses. The manubrium sterni, left 
sixth rib in the anterior axillary line, and the right 
sixth rib in the anterior axillary line were chosen 
as standard sites to give the two bipolar leads CM5 
and CC5. The skin over the area was shaved if 
necessary and cleaned with isopropyl alcohol to 
remove grease. The electrode sites were then 
marked with a felt pen and touched with a high 
speed battery operated burr with an abrasive tip] 
to remove the stained epidermis. This process was 
entirely painless, unlike brisk rubbing with rough 
gauze, the method commonly used. 

Various commercially available . electrodes were 
tested for stability of the gel and adhesion charac- 
teristics. A new electrode, with nickel coated brass 
as the electrode material and a chloride-free gel 
isolated in a bubble pack until application, was 
found to yield stable tracings. It also used a strong 
non-allergenic adhesive developed for colostomy 
bags (Roussel Medical Ltd). 

Cable movement artefacts were reduced by 
attaching the preamplifiers to the cables close to 
the electrodes and applying an elastic porous 
bandage around the chest to keep the electrodes, 
preamplifiers, and cables free from movement. 

A special connection was designed to fix the 
cables to the recorders and prevent bending and 
movement at these sites. These simple measures 
produced a dramatic improvement in the stability 
of the isoelectric line (Fig. 1). 


RESPONSE TO SQUARE WAVE CALIBRATION 
The response to a 1 mV square wave calibration 
pulse was defined as adequate if it fell within the 
recommendations of the American Heart Associa- 
tion. The Cardiocassette and Oxford Medilog 
mark 2 recorder both produced an adequate 
response at 1 mV and 2 mV levels. On the other 
hand, the Medilog mark 1 oroduced distortion of 
the peak of the calibration signal and artefactual 
depression of the baseline (Fig. 2). 

*i MS Expo Ltd, Sustanum Works, Tichfield, UK. 
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R WAVE AMPLITUDE 

This was carefully measured particularly because 
of the renewed interest in R wave amplitude in 
ischaemic heart disease.12 Measurements made from 


recordings using the  Cardiocassette and the 
Medilog mark 2 were consistently within 5 per cent 
of the standard. The Medilog mark 1 consistently 
underestimated R wave amplitude by between 10 
and 27 per cent (mean SEM 19-12-1095) 
(Table 1). 


ST SEGMENT CHANGES 

The maximal ST segment changes measured with 
the three recorders were compared with the 
standard. In 19 out of 20 recordings using the 
Cardiocassette the measurement was within 0-5 mm 
of the standard, in 15 it was within 0-2 mm, and 
in two recordings it was identical with the standard. 
One re»ording could not be analysed because of 
high frequency artefacts. 

'The Oxford Medilog mark 2 produced recordings 
in which maximal ST segment change was within 
0-5 mm of the standard in 18 and within 0-2 mm 
in four. Two recordings could not be analysed 
because of high noise levels. 

The Oxford Medilog mark 1 produced six 
recordings in which measurements were within 
0:5 mm of the standard and two recordings within 





Fig. 2 Titii of Medilog mark 1 DR (lor lower 
panels) and mark 2 FM recorders (upper panels) to 
1 mV and 2 mV square wave calibration signals. 
Distortion of the deflection and the baseline is always 
present in mark 1 recordings. 
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Fig.l The top panel (A) shows 
artefacts commonly seen during 
ambulatory monitoring. The lower 
recording (B) shows elimination of 
artefacts by measures described 

fn text. 


0-2 mm of the standard. In seven, differences were 
greater than this, the maximum being 1:'2mm 
Five recordings could not be analysed because of 
high frequency artefacts. 


ST SLOPE 

The ST slope was within 0-5 mV/s of the standard 
in 12 out of 20 Cardiocassette recordings and 
within 1:0 mV/s in seven. The Medilog mark 2 
produced 10 recordings in which S'T slope was 
within.0-5 mV/s of the standard, and in the rest 
ST slope was within 1-0 mV/s. 

Measurements of ST slope from recordings 
obtained using the Medilog mark 1 differed from 
the standard by more than 1:0 mV/s in all record- 
ings. In six cases slopes which were negative were 
read as positive and in three slopes which were 
positive were read as negative. 

Generally, the tracings obtained from the 
Cardiocassette were the clearest. Initially the noisiest 
tracings were those produced by the Medilog 
mark 2; this was attributed to the replay system 
and was later corrected. Mark 1 recordings were 
noise free. Some of the common artefacts seen 
with mark 1 recordings are shown in Fig. 3. 

The clinical applications of an ambulatory 


Table 1 Comparison of ‘exercise tests (20 patients) 








Cardio- Medilog Medilog 
cassette mark 2 mark 1 
R wave amplitude 19 18 o* 
(595) 
Peak ST change 19 18 6 
(0:5 mm) 
Peak ST change 15 4 2 
(0-2 mm) 
ST slope at peak exercise 12 10 ot 
(0-5 mV/s) 
ST slope at peak exercise 7 8 ot 
(1 mV/s) 
Artefacts 1 2 5 
Noise level Nil + Nil 


mn 
* Constant underestimation by 10 per cent. 

+ All values beyond 1 mV/s. 

Figures within parentheses indicate the acceptable variation from 
the standard. 
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recording ‘system are to document changes which 
are not detectable in resting or exercise electro- 
cardiograms and to collect additional information 
about changes during day and night. Table 2 
shows the frequency of ST changes and of episodes 















































Fig. 3 Some of the artefacts commonly seen in 
ambulatory monitoring. The top panel shows a stable 
resting electrocardiogram. In the second panel an increase 
in heart rate has produced an increase in the amplitude 

of T wave and an artefactual depression of the TP 
segment caused by phase shift. Panels 3 and 4 show 
artefacts caused by cable-recorder junction movements, and 
panel 5 those resulting from the electrode jelly drying up. 


ST level 


Fig. 4 Case 1. 24-hour trend 4mm[ ~~, 


chart of ST segment changes in 
leads GM5 and CC5. The 
isoelectric line is marked by thin 
black lines at end of the recording. 
Only the initial episode of ST 
change was associated with 

pain in the neck. 


1 
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Table 2 Pain and ST changes 





Number of patients monitored 30 
Total duration of tapes 612 hours 
Exercise test positive 30 
Total episodes of pain 61 
ST change over 1 mm 194 
ST change over 2 mm 112 
ST change with normal heart rate 21 





of chest pain. The following case reports illustrate 
the value of ambulatory ST segment monitoring. 


Case 1 (Fig. 4) 

A 59-year-old male office worker complained of 
squeezing pain in the neck brought on by exertion 
and relieved by rest. Treadmill exercise testing 
produced identical pain accompanied by 4-1 mm 
ST depression in lead CM5. An ambulatory tape 
recording showed many episodes of ST depression 
during a 24 hour period. Moreover, pain in the 
neck was consistently associated with ST segment 
depression of 4-0 mm and an increase in heart rate. 


Case 2 (Fig. 5) 

An electrical engineer complained of recurrent 
attacks of angina, usually at rest. He was able to 
exercise for 14 minutes before developing 2-0 mm 
ST depression. Ambulatory monitoring was per- 
formed as the excellent exercise tolerance did not 
explain the occurrence of frequent angina at rest. 
The patient developed pain while driving and had 
four episodes of ST elevation lasting more than 
20 minutes each. Coronary arteriography and ?*'TI] 
scintigraphy confirmed the presence of critical 
obstructive coronary artery disease, presumably 
associated with intermittent spasm. 


Case 3 (Fig. 6 and 7) 

A 47-year-old woman complained of recurrent 
chest pain associated with giddiness and occasional 
blackouts. Repeated exercise tests were normal. 
Ambulatory monitoring showed six episodes of ST 
elevation during pain, two with ventricular tachy- 
cardia. The patient was treated with verapamil 
120 mg t.d.s. and became symptom free within a 
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week. Repeated ambulatory monitoring showed no 
episodes of ST elevation. Coronary arteriograms 
were normal. 


Case 4 (Fig. 8) 

A 53-year-old man had had severe angina for two 
years. His angina was mainly effort related, but 
recently had occurred also at rest and at night. The 
exercise test showed 4-0mm ST depression at 
8-0 minutes. Ambulatory monitoring showed epi- 
sodes of ST depression occurring during the day 
and the night; on two occasions at night ST 
elevation preceded ST depression. Coronary arterio- 
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Fig. 5 Case 2. The 24-hour 
trend chart shows one episode of 
ST depression with increased 
heart rate at 1500 hours and four 
episodes of ST elevation lasting 
between three and five minutes 
after 0630 hours. Only one 


(0630-0900) episode was associated with pain. 


grams showed a 90 per cent stenosis of the left 
main stem; ventricular fibrillation occurred during 
the procedure but he was successfully resuscitated. 
A saphenous vein bypass graft operation was 
performed and the patient was much improved. 


Case 5 (Fig. 9) 

A 51-year-old woman was attending the outpatient 
department of the hospital for pain in the left thenar 
eminence. This pain was brought on by exertion 
and relieved by rest, but she had also had episodes 
of similar pain at night. The differential diagnosis 
before referral to the cardiac department included 








Fig.6 Case 3. A continuous 
tracing in a patient with 
Prinzmetal’s angina. The ST 
elevation progressively increases 
within a very short time. 





Fig.7 Case 3. ST elevation 
associated with ventricular 
tachycardia in the same patient. 
Note the very rapid return to 
normal, An intermittent or 
patient-activated recorder could 
have missed these changes. 
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Fig. 8 Case 4. Conspicuous ST 
depression occurring repeatedly, 

and two episodes of ST segment 

elevation during the early morning. 
These two episodes are shown Heart 
at a higher speed in the later rate 
part. 0 


carpal tunnel syndrome, cervical spondylosis, a 
psychosomatic disorder, and peripheral neuropathy. 
She had undergone a full range of neurological 
investigations including myelograms, all of which 
were normal. Ambulatory monitoring showed 
episodes of ST depression of 1 mm or more, each 
of which was associated with pain in the thenar 
eminence. Exercise testing confirmed that the ST 
depression and thenar pain occurred at the peak 
exercise level. Coronary arteriograms showed total 
occlusion of the right coronary artery and 90 per cent 
stenosis of the circumflex artery, and ?**!'T] scanning 
showed ischaemia. The patient refused operation. 


Discussion 


Ambulatory monitoring of the electrocardiogram to 
define ST segment changes is a practical and 
rewarding technique which can be of great diagnos- 
tic significance, particularly with regard to coronary 
spasm. It may also yield quantifiable data on the 
duration of periods of myocardial ischaemia. Early 
attempts to record these changes have met with 
justifiable criticism.!? 14 The recorders used in these 
studies were of the direct recording type and there 
were problems with phase shift and poor low 
frequency response. Berson and Pipberger!? pointed 
out the limitations of low frequency response 
amplifiers and recorders and recommended the use 
of recorders with at least 0-05 Hz cut-off frequency. 


Hinkle and co-workers’ reported the results of their ' 


tests with the Holter- Avionics system and empha- 
sised that this should not be used for critical ST 
segment analysis. After improvement in the 
frequency response of this system, a number of 
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studies were reported using this reel-to-reel type 
of recorder.5-* 

The Oxford Medilog multichannel recorder 
(mark 1) is widely used in Europe. It has a claimed 
low frequency cut-off of 0:15 Hz but there are no 
validation data available on its performance 
characteristics. Selwyn and co-authors? used this 
system but it is doubtful if these results can be 
accurately quantified. The validation tests we have 
performed show considerable ST segment’ distor- 
tion, poor reproducibility of a standard 1 mV square , 
wave, and quantitative differences from a standard 
reference. In contrast, the two FM recorders 
showed excellent reproducibility with no detectable 
distortion. The square wave calibrations were clean 
and there was no distortion of the baseline. In 
addition, the design of the Medilog mark 2 
eliminated problems associated with recorder-cable 
junction movement and the calibration remained 
stable over a 24 hour period. ; 

Even though the programmed recorder (Cardio- 
cassette) could be used to sample ST changes every 
15 minutes or during symptoms, we found instances 
when its use would have missed significant events. 
For example, in case 3 there was transient ST 
elevation which disappeared within a minute 
(Fig. 6 and 7). Furthermore, there were at least six 
episodes of ST depression in case 5 which occurred 
at night while the patient was asleep and which were 
painless. It appears that if realtime recorders are . 
to be used a sampling rate of at least once a minute 
would be necessary. 

. Our investigation clearly showed the need for 
careful attention to the electrode system whatever 
the quality of the tape recorder. We devoted 
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considerable time and effort to improve signal 
quality. It was found to be absolutely essential to 
shave the hair, clean the skin with isopropyl 
alcohol, abrade the skin with a high speed dental 
rotary burr, and use stable electrodes. The applica- 
' tion of four electrodes took seven to 10 minutes 
and the time and care spent on this was always 
worth while. Fixing the electrodes with a porous 
elastic bandage (Coban) was satisfactory. However, 
this occasionally produced skin irritation and 
specially designed elasticated vests were found to 
be more satisfactory. 
. One of the disadvantages of ambulatory monitor- 
ing is the generation of large amounts of data which 
require automated methods for its analysis. We 
have used an ST segment trend system using two 
spots, one located on the PR segment and the 
other at the J-point. This system excludes artefacts 
and ectopic beats automatically Our validation 
data were obtained by converting the signals into 
real.time and analysing them with the CASE 
` system; this could be done as the recordings lasted 
. only 20 to 30 minutes each. This method is clearly 
impracticable for routine use and we are now 
` exploring the possibility of developing a purpose 
built programable minicomputer for ST segment 
analysis in accelerated time. 

-The detection of at least two episodes of painless 
ST segment change for every painful episode is of 
importance both prognostically and therapeutically. 
Furthermore, the successive occurrence of ST de- 
pression and ST elevation suggests coronary artery 
spasm even in ambulant subjects with relatively 
stable angina; this interpretation is supported by 
the recording of such changes at night with little 
or no tachycardia. Accurate and reliable ambulatory 
FM recording of the ST segment for 24 hours or 
more appears to be a valuable method of examining 
the profile of changes in ischaemic heart disease. It 
does not render exercise testing superfluous, as it 
yields different and useful additional information. 


The work was conducted by V Balasubramanian 
while holding a British Heart Foundation senior 
research fellowship. We are grateful to Mr Ian Kaye 
for technical help. 


References 


1 Harrison DC, Fitzgerald JM, Winkle RA. 
Ambulatory electrocardiography for diagnosis and 


425 


treatment of cardiac arrhythmias. N Engl f Med 
1976; 294: 373-80. 

2 Raftery EB, Cashman PMM. Long term recording 
of the electrocardiogram in a normal population. 
Postgrad Med 7 1976; 52, suppl 7: 32-8. 

3 Kennedy HL, Caralis DG. Ambulatory electro- 
cardiography—a clinical perspective. Ann Intern 
Med 1977; 81: 729-39. 

4 Gillian RE, Babitt HI, Warbasse JR. Clinical 
accuracy of ECG ischaemic S'T segment changes by 
electromagnetic tape and by radiotelemetry. Circula- 
tion 1970; 42, suppl III: 157. 

5 Stern S, Tzivoni D. The reliability of Holter- 
Avionics system in reproducing the ST' segment 
(letter). Am Heart 7 1970; 84: 427-8. 

6 Stern S, Tzivoni D. Early detection of silent ischae- 
mic heart disease by 24 hour electrocardiographic 
monitoring of active subjects. Br Heart 7 1974; 36: 
481-6. i 

7 Wolf E, Tzivoni D, Stern S. Comparison of exercise 
test and 24 hour ambulatory electrocardiographic 
monitoring in detection of ST-T changes. Br Heart f - 
1974; 36: 90-5. 

8 Allen RD, Gettes LS, Phalan C, Avington D. 
Painless ST segment depression in patients with 
angina pectoris. Chest 1976; 69: 467-73. 

9 Selwyn AP, Fox K, Eves M, Oakley D, Dargie H, 
Shillingford J. Myocardial ischaemia in patients 
with frequent angina pectoris. Br Med 7 1978; ii: 
1594—6. 

10 Balasubramanian V, Raftery EB, Stott FD. Myo- 
cardial ischaemia in patients with frequent angina 
pectoris (letter). Br Med 7 1979; i: 198. 

11 American Heart Association Committee on Electro- 
cardiography. Recommendations for standardization 
of leads and of specifications for instruments in 

` electrocardiography and vectorcardiography. Circu- 

- lation 1975; 52 (2): 11-31. 

12 Bonoris PE, Greenberg PS, Christison GW, 
Castellanet MD, Ellestad MH. Evaluation of R wave 
amplitude changes versus ST segment .depression. 
in stress testing. Circulation 1978; 57: 904-10. 

13 Berson AS, Pipberger HV. The low frequency 
response of electrocardiographs, a frequent souce of 
recording errors. Am Heart 7 1966; 71: 779-89. 

14 Hinkle LE Jr, Meyers J, Stevens M, Carver S. 
Tape recordings of the ECG of active men. Limita- 
tions and advantages of the Holter-Avionics instru- 
ments. Circulation 1967; 36: 752-65. 


Requests for reprints to Dr E B Raftery, Northwick 
Park Hospital and Clinical Research Centre, 
Watford Road, Harrow, Middlesex HAI 3UJ. 


Br Heart F 1980; 44: 426-32 


Electrocardiographic characteristics of neurocirculatory 
asthenia during everyday activities 


DAN TZIVONI, ZVI STERN, ANDRE KEREN, SHLOMO STERN 


From the Heiden Department of Cardiology, Bikur Cholim Hospital, The Department of Medicine A, 
Hadassah Hospital; and the Hebrew University-Hadassah Medical School, Jerusalem, Israel 


SUMMARY We describe the electrocardiographic changes during everyday activities recorded by 
ambulatory electrocardiographic monitoring in 67 patients with neurocirculatory asthenia. The findings 
were compared with the results of ambulatory monitoring in 33 healthy controls. We observed episodes 
of sinus tachycardia >120/min unrelated to effort in 60 of the patients, 35 had frequent episodes of 
pronounced sinus arrhythmia, 16 showed transient ST depression, and six transient ST elevation. 
All these changes appeared during the patients’ routine activities, without any unusual exertion and 
frequently at rest. Periods of sinus tachycardia and sinus arrhythmia were recorded from the patients 
during sleep. Cardiac arrhythmias, especially ventricular premature beats, were also much more common 
in those with neurocirculatory asthenia than in the control subjects. These findings indicate that 
ambulatory electrocardiographic monitoring provides important information on the électrocardiographic 
characteristics of patients with neurocirculatory asthenia and helps to establish this diagnosis in obscure 


cases. 


Neurocirculatory asthenia is a multisystemic disease 
involving the cardiovascular, nervous, and respira- 
tory systems described by Da Costa! as “the 
irritable heart of the soldiers” during the American 
Civil War. Since then, it has been detected in 
soldiers and other young adults in several countries?? 
and called *soldier's heart", “‘effort syndrome"? 
or “Da Costa's syndrome"! but recently the name 
neurocirculatory asthenia has become the most 
popular. The most prominent manifestation of this 
syndrome is palpitation, but many patients also 
suffer from praecordial pains, anxiety, dyspnoea, 
fatigue, and other non-specific complaints. Among 
civilians, it is twice as common in women as in men.5 
'The onset of the symptoms is usually between the 
ages of 20 and 30. The haemodynamic features of 
the disease are high cardiac output, reduced 
peripheral flow,* and sinus tachycardia, both at 
rest and in an erect position. These features tend 
to be exaggerated during effort?" Frequently, 
fluctuations in blood pressure are pronounced.® The 
patient’s physical condition is often poor; this can 
be improved by exercise.? 1%” In many of the 
patients ST-T changes in the electrocardiogram 
are evoked by a change of position or by effort 
testing.? Therefore many of them are erroneously 
Received for publication 11 January 1980 


diagnosed as suffering from organic heart disease, 
for example myocardial ischaemia or myocarditis. 
In spite of the above quoted studies, no strict 
criteria for the diagnosis of neurocirculatory asthenia 
have been established as yet. The existence of 
a rapid resting heart rate during casual examination 
during the day is a generally accepted feature on 
which this diagnosis is based.4 There are, however, 
no reliable data on the behaviour of heart rate and 
other electrocardiographic features in such subjects 
under “physiological” conditions during everyday 
activities, emotional stress, or sleep. In this study 
we describe the heart rate, rhythm, and ST-T 
changes in patients with neurocirculatory asthenia 
during their daily activities, recorded by ambulatory 
electrocardiographic monitoring. 


Patients and methods 

In this study we included 67 patients aged 18 to 35 
years (mean 27) in whom the diagnosis of neuro- 
circulatory asthenia was established clinically. The 
diagnosis was based upon the usually accepted 
definitions and characteristics of somatic symp- 
toms.!? In our patients, palpitation was experien- 
ced by 45 patients, chest pain by 17 patients, 
hyperventilation and dyspnoea by 27 patients, 
anxiety by 26 patients, and vague praecordial 
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symptoms and dull pressure by 32 patients. The 
complaints are detailed in Table 1. Physical 
examination and chest x-rays in all patients 
revealed no signs of organic heart or lung disease. 
Routine resting electrocardiograms showed sinus 
tachycardia above 100/min in 17 patients, ST 
depression of the “junctional” type in six patients, 


-and flat or inverted T waves in 10 patients. No 


ectopic activity was detected in the routine electro- 
cardiograms. Thyrotoxicosis, mitral valve prolapse, 
hypertrophic subaortic stenosis, and anaemia were 
excluded. 

A group of 33 individuals served as a control 
group. They comprised 22 men and 11 women with 
ages ranging from 24 to 34 years (mean 29). All 
volunteered for the test after being examined by 
one of our team at the gynaecology or gastroenter- 
ology outpatient clinics. None of them suffered from 
any cardiovascular symptoms and physical examin- 
ination and electrocardiograms did not disclose 
any cardiac or lung abnormalities. All of them were 
employed but not in medical or paramedical work; 
they performed their usual daily activities during 
the day of the monitoring. The length of sleep was 
the usual average for people of similar age. 

Ambulatory electrocardiographic monitoring was 
performed from one morning to the next both in 
the group of patients and in the controls. The 
examinees were requested to follow their usual daily 
routine, and to keep a meticulous diary of all 
activities and possible symptoms. These were 
subsequently related to the electrocardiographic 
findings. The mode of operating the ambulatory 
electrocardiographic monitoring system, the 
positioning of the electrodes, and the technique of 
interpretation have been detailed in previous 
reports.43-45 The Avionics system used in this 
study was checked for its low-frequency response 
which fulfilled the American Heart Association 
(AHA) requirements and recorded satisfactorily 
the ST-T segment. The magnetic tapes were 
scanned visually by a trained technician both for 
arrhythmias and ST-T alterations and the final 
interpretation was always confirmed by a physician. 


Table 1 Complaints of patients with neurocirculatory 
asthenia 








Complaints No. of patients 
Palpitation 45 
Praecordial symptoms 32 
Fatigue 28 
Dyspnoea 27 
Anxiety 26 
Praecordial pain 17 
Dizziness 11 
Other (sweating, headaches, etc.) 12 





Table 2 Electrocardiographic findings on monitoring 
in patients with neurocirculatory asthenia and in 
control group 








NCA Control 
(67 patients) (33 subjects) 
Episodes of sinus 
tachycardia without 
physical effort >150/min 23 — 
>120/min 60 4 
>100/min 67 8 
Episodes of sinus 
bradycardia <35/min 14 1 
Episodes of sinus 
tachycardia during ; 
sleep >90jmin 30 3 
Episodes of sinus 
arrhythmia 35 4 





As in.all our other investigations dealing with 
ambulatory electrocardiographic monitoring, control 
electrocardiograms were recorded in the supine 
and erect positions and during hyperventilation. 
'These would reveal any changes caused by posture 
or respiration. 


Results 


HEART RATE 

The most consistent finding in patients with 
neurocirculatory asthenia was the tendency towards 
sinus tachycardia (Table 2). In 23 of the patients 
frequent episodes of a heart rate of above 150/min 
were documented during their daily routine, 
apparently without undue physical effort. None of 
the control subjects reached such a heart rate during 
daily activities. In 60 of the 67 patients, periods 
with a heart rate of above 120/min occurred 
repeatedly, and all 67 had episodes of sinus tachy- 
cardia faster than 100/min during the day of 
monitoring. In the control subjects only four 
attained a heart rate above 120/min, while eight 
reached heart rates of more than 100/min without 
undue effort. During undisturbed sleep at night, 
periods of sinus tachycardia between 90 and 120/ 
min were observed in 30 patients with neuro- 
circulatory asthenia and in only three subjects in the 
control group. 

Sinus arrhythmia, defined as variations in cycle 
length exceeding the upper limit of 120 ms between 
the longest and shortest cardiac cycles,’® was 
documented during usual daily activities in 35 of 
the patients. Up to 20 episodes each day of the 
nonphasic (nonrespiratory) form’? were observed. 
The undue acceleration of the pulse was usually 
unconnected with change of posture or physical 
effort. In 20 of the patients the sinus arrhythmia 
was even more obvious during sleep. In the control 
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Fig. 1 Variations in sinus rate in a patient with neurocirculatory asthenia recorded during a 24 hour period. 
Upper panel: normal sinus rhythm. Middle panel: pronounced sinus arrhythmia, Lower panel: sinus tachycardia 


at rest. 


group only four subjects showed such sinus 
arrhythmia during the monitoring period. Repre- 
sentative electrocardiograms are illustrated in Fig. 1. 


RHYTHM DISTURBANCES 

Disturbances in cardiac rhythm were observed 
more frequently in patients with neurocirculatory 
asthenia than in control subjects (Table 3). Ventri- 
cular premature beats were detected in 12 patients 
but in only three control subjects. One patient with 
neurocirculatory asthenia also had a short bout of 
ventricular tachycardia (Fig. 2). Ectopic atrial 
activity was found in five patients and one patient 
had transient nodal rhythm. 


ST-T SEGMENT ALTERATIONS 
Forty-six of the 67 patients with neurocirculatory 
asthenia had ST-T changes during the monitoring 


period. The types of the ST-T changes are detailed 
in Table 4. The most common findings were 
flattening or inversion of the T wave (Fig. 3). ST 
segment depression of the “junctional” or J point 
type (Fig. 4) was found in 12 patients. Segmental 
downsloping or horizontal ST depression 0-5 to 
l:0mm, using the PR segment as the baseline 
reference (Fig. 3), was found in four patients. All 
four patients underwent thallium-201 stress testing 
which was normal in all, indicating absence of 
coronary artery disease. Both types of ST changes 
occurred only when the heart rate was above 
110/min. In the controls, the "junctional" type of 
ST depression was seen in three subjects, but the 
*segmental" type in none. ST elevation of 1 mm 
or more, lasting for at least 12 seconds (observed 
during a period when the electrocardiograph 
recording had a stable isoelectric line and the QRS 


Table 3 Arrhythmias found in 67 patients with neurocirculatory asthenia and 33 control subjects 








VPB's VPB's VPB's APB's APB’s APB’s APB's APB's Transient nodal 
> Simin 5-2|min x min > 5/min 5-2/min x min coupled blocked rhythm 
Neurocirculatory 
asthenia 2 4 6 1 1 1 1 1 1 
Control 1 1 1 — — 1 — — — 





VPB, ventricular premature beat; APB, atrial premature beat. 


'The figures concerning the frequency of ectopic beats relate to the most frequent ectopic activity observed during the 24 hour monitoring 


period. 
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complexes were identical with those preceding the 
ST elevation), was seen in six patients with neuro- 
circulatory asthenia and in none of the control 
subjects; in three of the patients the ST elevation 
occurred during undisturbed sleep (Fig. 5). 


Discussion 


Neurocirculatory asthenia is a disease of young 
adults, featured by distressing symptoms such as 
palpitation and chest pain. Because of the variety 
of the symptoms, the syndrome is not easily 
diagnosed. With the use of the 24-hour ambulatory 
electrocardiographic monitoring technique we 
examined a series of 67 patients in their normal 
environment and during their usual routine 


activities. We demonstrated that the tendency 
in neurocirculatory 


towards sinus tachycardia 


Fig. 2 Short bout of ventricular 
tachycardia in a 34-year-old 
patient with neurocirculatory 
asthenia. 


asthenia prevails not only during physical effort, 
but is present also during quiet activity and even 
during rest. These episodes of sinus tachycardia un- 
provoked by physical effort seem to us to be the 
characteristic feature of neurocirculatory asthenia, 
related probably to the beta-adrenergic over- 


Table 4 ST-T changes found in 67 patients with 
neurocirculatory asthenia and 33 control subjects 





ST-T changes No. ef 


NCA patients 


No. of 
control subjects 





ST depression 16 3 


segmental (horizontal or 
downsloping) 4 — 
junctional (“J point’) 12 3 
Flat T 25 4 
Biphasic T 3 1 
Inverted T 27 5 
ST elevation 6 S 















































Fig. 3 Variations in ST and T waves in a patient with neurocirculatory asthenia. Upper panel: electrocardiogram 
during most of the day. Middle panel: inversion of T wave at rest. Lower panel: segmental ST depression during 


driving associated with sinus tachycardia. 
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Fig. 4 Junctional type of ST depression in a patient with neurocirculatory asthenia, Lower panel: recorded while 
walking ; normal electrocardiogram during most of the day (upper panel). 


activity existing in this syndrome.!' In contrast to 
eur findings, Cohen and White!5 found only a few 
abnormalities under basal and rest conditions, and 
claimed that the anomalies occurred mainly in 
response to a variety of stresses. This difference 
may be related to the fact that the important 
contribution of Cohen and White to the subject of 
neurocirculatory asthenia in the 1950s was based on 
findings in routine electrocardiograms, a method 
which did not enable the episodic and transient 


Fig. 5 Ambulatory electrocardio- 
graphic monitoring in a 28-year- 
old woman, showing sinus 
arrhythmia at rest (upper panel); 
sinus bradycardia during sleep, 
associated with ST elevation 
(middle panel); sinus tachycardia 
during walking, accompanied by 
slight ST depression and 
flattening of T wave (lower 
panel). 


changes prevailing in this syndrome to be detected 

Although a "great lability of the pulse" has been 
mentioned by Wood! as a possible feature of 
Da Costa's syndrome, the presence of sinus arrhyth- 
mia has not yet been properly stressed in published 
reports dealing with neurocirculatory asthenia. The 
frequency of sinus arrhythmia documented in more 
than half of our patients emphasises that this may 
be an important diagnostic feature of the syndrome. 

The behaviour of the heart rate during sleep has 
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not previously been investigated in patients with 
neurocirculatory asthenia. Our patients showed a 
tendency towards episodes of rapid heart rate 
during sleep as well as during the day. In 30 of the 
patients periods with a heart rate above 90/min 
during undisturbed sleep were observed, accom- 
panied by pronounced sinus arrhythmia and 
bradycardia. We do not know whether these 
nocturnal alterations occurred during dreaming 
periods or changes in body position during sleep. 
We assume that these changes are an expression of 
the sympathetic overactivity prevailing also during 
sleep. 

Changes in the ST segment and/or T wave are 
frequently described in patients with neuro- 
circulatory asthenia during provocation tests and 
sometimes even at rest.§ !! In this study we showed 
that in most patients these alterations appear during 
quiet activity, without effort or provocation. They 
seem to be of the so-called “non-specific” type, 
namely flattening and inversion of T waves, and 
“junctional? ST depression. “Horizontal” ST 
depression occurred only in association with sinus 
tachycardia. The four patients with this feature also 
had the other characteristics of neurocirculatory 
asthenia, that is frequent episodes of resting 
tachycardia and sinus arrhythmia. A normal 
thallium-201 stress test ruled out coronary disease 
in all four. Holmgren et ai? also found occasional 
ST abnormalities in patients with neurocirculatory 
asthenia. A striking finding in our study was the 


demonstration of periods of ST segment elevation . 


on monitoring in six of the 67 patients. Transient 
ST segment elevation has been described previously 
in normal young subjects, especially in blacks,!? 
and was attributed to autonomic imbalance. In a 
previous study?! of 174 patients evaluated by 
ambulatory electrocardiographic monitoring for 
chest pain and/or palpitation, only seven had ST 
elevation, two of whom were diagnosed as neuro- 
circulatory asthenia. None of our young control sub- 
jects demonstrated this finding. ST elevation may be 
one of the electrocardiographic characteristics of 
neurocirculatory asthenia which will be detected 
more often if 24 hour monitoring is used more 
frequently for these patients. 

Exercise testing is a useful method for evaluation 
of patients with neurocirculatory asthenia. The 
excessive tachycardia response to effort, the occa- 
sional occurrence of ST-T changes during the 
period of tachycardia, and the frequently reduced 
physical capacity, are demonstrable by effort 
testing.5 | Ambulatory electrocardiographic moni- 
toring is capable of detecting these changes and 
can, in addition, provide data on the behaviour of 
the heart rate and other electrocardiographic indices 
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unrelated to physical effort. In our opinion, 
tachycardia during rest is more characteristic of 
neurocirculatory asthenia than is exercise-induced 
rapid heart rate, and is more frequently related to 
patients’ symptoms. The relation between the 
symptoms and the episodes of tachycardia can be 
demonstrated convincingly by ambulatory electro- 
cardiographic monitoring. 

We conclude that ambulatory electrocardio- 
graphic monitoring is a useful method for assessing 
patients known or suspected to have neurocircula- 
tory asthenia. Sinus tachycardia at rest during the 
day and during sleep, an exaggerated tachycardiac 
response to physical effort, frequent episodes of 
severe sinus arrthymia, ST-T changes, .and 
characteristic symptoms all contribute to the 
correct diagnosis of this syndrome. : 
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Histopathological specificity of hypertrophic 
obstructive cardiomyopathy 


Myocardial fibre disarray and myocardial fibrosis 


MARTIN G ST JOHN SUTTON}, J T LIE, KENNETH R ANDERSON, 
PETER C O’BRIEN, ROBERT L FRYE 


From the Department of Pathology and Anatomy, Division of Cardiovascular Diseases and Internal 
Medicine, and Department of Medical Statistics and Epidemiology, Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota, USA 


SUMMARY The topography and specificity of fibre disarray and fibrosis in hypertrophic obstructive 
cardiomyopathy were determined in a histological study comprising 40 necropsy hearts—10 with 
hypertrophic cardiomyopathy, 10 with congestive cardiomyopathy, 10 with aortic valve stenosis, 
and 10 normal hearts. Seven standard regional sections were sampled from each heart and graded 
“double-blind” (tissue location and disease entity) for severity and extent of fibre disarray and four 
distinct types of myocardial fibrosis. Statistical comparison of the severity and distribution of indices 
of fibre disarray and fibrosis within each group and between the normal and the disease groups showed 
that fibre disarray and fibrosis were qualitatively non-specific for hypertrophic cardiomyopathy. 
However, when fibre disarray was quantified (1) it was significantly increased in hypertrophic cardio- 
myopathy and. allowed separation of hearts with hypertrophic cardiomyopathy from normal hearts and 
from those with congestive cardiomyopathy and aortic stenosis, (2) it did not vary significantly among 
sections of the left ventricle (that is, between the septum and the free wall) in hypertrophic cardiomyo- 
pathy, (3) it was closely associated with plexiform fibrosis, and (4) it varied independently of wall and 
septal thickness. Though the histogenesis of fibre disarray is unknown, it probably represents an 


exaggeration of a non-specific common pathway for many diverse pathophysiological processes. 


Since the early descriptions of hypertrophic 
obstructive cardiomyopathy by Teare! and Brock,? 
this clinical disorder has been diagnosed at the 
bedside by the presence of a sharp carotid upstroke, 
a high-frequency systolic murmur, and a hyper- 
dynamic apical impulse?-5; at cardiac catheterisa- 
tion by the presence of a left ventricular outflow 
tract gradient at rest or on provocation?-^?; on the 
echocardiogram by the presence of asymmetric 
septal hypertrophy??? and systolic anterior motion 
of the mitral valve! ; and pathologically by the 
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myocardial fibre disarray and fibrosis in the 
disproportionately thickened interventricular sep- 
tum.! 12-16 

Recently, the specificity of echocardiographic 
features of hypertrophic cardiomyopathy has been 
seriously questioned.!9 !' Similarly, septal fibre 
disarray, initially thought to be pathognomonic of 
hypertrophic cardiomyopathy, !? 14 has been found 
to be present in normal hearts,!? !? in many con- 
genital malformations—particularly those in which 
the pattern of contraction is abnormal?°—and also 
in animals after chronic endocardial pacing.?! 

Hitherto, there has been no systematic attempt 
to quantify the severity and distribution of fibre 
disarray and fibrosis in the transverse and longi- 
tudinal axes of the right and left ventricles in 
hypertrophic cardiomyopathy. We undertook such 
an evaluation (1) to investigate the specificity of 
fibre disarray as a histological marker in hyper- 
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Table 1 Sex, age, and heart weights in four groups: 
Normal, hypertrophic (obstructive) cardiomyopathy 
(HOCM), congestive cardiomyopathy (COCM), and 
aortic stenosis (AS) 








No. of Sex Age, mean Heart 
Group hearts - (range) weight (g) 
F M (9) 

Normal 10 6 4 433 324 
(21-54) (280-380) 

HOCM 10 5 5 48:4 587 
(14-72) (300-830) 

COCM 10 3 1 50:6 48 
(40-81) (400-760) 

AS 10 3 1 715 532 
(28-89) (300-770) 





trophic cardiomyopathy, (2) to determine whether 
there was a relation between fibre disarray and 
fibrosis and left ventricular hypertrophy, and (3) to 
study whether variation in the severity and distri- 
bution of fibre disarray and fibrosis might account 
for the variation in left ventricular function 
demonstrable both echocardiographically?? ? and 
angiocardiographically.?* 





Fig. 1l Two complete transverse segments were taken 
from each heart 1 cm and 3 cm below mitral valve 
annulus. Complete left and right ventricular walls and 
septum were represented in upper segment, and septum 
and lateral left ventricular wall in lower segment. Tissue 
blocks for histological study were taken from section 
locations 1 to 7. Section 1, upper septum; 2, anterior left 
ventricular wall; 3, upper lateral left ventricular wall; 
4, posterior left ventricular wall; 5, right ventricular 
wall, 6, lower septum ; and 7, lower lateral left ventricular 
wall. 
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Fig. 2 Tissue sections were divided into three regions, 
inner third, middle third, and outer third, with reference 
to left ventricular endocardial surface. Fibre disarray 
and each type of fibrosis were graded for each third (G). 
Score for section as a whole was expressed as a mean of 
three regions (G). Numerical index for fibre disarray and 
each type of fibrosis was then obtained for each section 
locations 1 to 7 (Fig. 1) within each group (1 to 4) by 
dividing sum of mean grade of each section (ZG, G4... 
Gio) by number of patients in each group (10). 


Materials and methods 


A total of 40 necropsy hearts was studied. They 
comprised the following four groups, in none of 
which was there coronary artery stenosis with 
greater than 75 per cent cross-sectional luminal 
narrowing. 

Group 1 consisted of 10 “normal” hearts from 
patients 21 to 54 years of age (mean 43 years) who 
had died from noncardiac causes. Group 2 con- 
sisted of 10 hearts from patients 14 to 72 years of age 
(mean 48 years) who had had a clinical diagnosis 
of hypertrophic cardiomyopathy and the con- 
cordant necropsy findings described by Davies et 
al.?* and Roberts and Ferrans.** Group 3 consisted 
of 10 hearts from patients 40 to 81 years of age 
(mean 51 years) who had had idiopathic congestive 
cardiomyopathy with severely dilated ventricles. 
Group 4 consisted of 10 hearts from patients 28 to 
89 years of age (mean 72 years) who had critical 
calcific aortic valve stenosis and severe left ventri- 
cular hypertrophy with similar heart weights and 
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wall thickness as the hearts with hypertrophic 
cardiomyopathy (Table 1). 

The mean ages and sex distribution of the normal 
patients and those with hypertrophic and congestive 
cardiomyopathy (groups 1 to 3) were similar, but 
the mean age in patients with aortic stenosis 
(group 4) was greater; this difference reflects the 
different natural history of aortic stenosis. The 
means and ranges of the heart weights in the three 
disease groups (groups 2 to 4) were similar, and 
they were significantly greater (p < 0-01) than those 
in the normal patients (group 1) (Table 1). 

Tissue blocks for histological study were taken 
from each heart at two levels 1 cm and 3 cm below 
the mitral valve annulus (Fig. 1). The complete 
left and right ventricular walls and the septum were 
represented in the upper level, and the septum and 
the lateral left ventricular wall at the lower level 
(Fig. 1). Consecutive paraffin-embedded 5 «m 
tissue sections were stained with haematoxylin and 
eosin, elastic van Gieson, and Mallory-Heidenhain 
connective tissue stains. Each tissue section in 
locations 1 to 7 (Fig. 1) from the 40 hearts was 
assigned a random nonconsecutive number so that 
the two pathologists evaluating the severity of fibre 
disarray and fibrosis had no knowledge of the 
location of the tissue sample or of the group from 
which the tissue was obtained. 

Tissue from each section location was divided 
into three regions—the inner third, middle third, 
and outer third, with reference to the left ventricular 
endocardial surface (Fig. 2). Fibre disarray and 
fibrosis were graded for each third, and the score 
for the section as a whole was expressed as a mean 
of three regions (Fig. 2). 

Histologically, the presence or absence of fibre 
disarray in any given histological section was graded 
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in ascending order of severity from 0 to 4 (Fig. 3). 
In grade 0 fibre disarray was not present. Grade 1 
was assigned when 75 per cent or more of the area 
of the section showed muscle fibres characterised 
by normal side-branching fibres and parallel fibres 
in approximately equal proportions; in grade 2, 
side-branching muscle fibres were of approximately 
equal number to parallel fibres but occurred at a 
more obtuse angle than normal; in grade 3, in 50 
to 75 per cent of the area of the section the apparent 
unidirectional nature of the myocardial fibres was 
lost because of formation of multiple orthogonal 
branches and incomplete whorls; and in grade 4, 
there was severe disruption of the normal orderly 
alignment of myocardial fibres, with complete and 
complex whorl formation. 

Fibrosis was divided into four distinct types as 
follows (Fig. 4): (1) the term **microscopical scars” 
was used to describe foci of replacement fibrosis 
not discernible to the naked eye; (2) "interstitial 
fibrosis" refers to strands or bundles of collagenous 
connective tissue encircling or surrounding the 
individual myocardial fibres; (3) “perivascular 
fibrosis" refers to the condensation of collagenous 
connective tissue around intramural blood vessels, 
blending with the adventitia; and (4) “plexiform 
fibrosis" refers to a unique type of interstitial 
fibrosis seen in foci of myocardial fibre disarray in 
which fine and coarse bands of collagen, often with 
a wavy, "crimped" appearance, interlaced or 
enveloped the myocardial fibres.” 

The severity of each histological type of myo- 
cardial fibrosis was also graded from 0 to 4 in 
ascending order of severity, in which grade 0 
indicated not present. In addition, the transmural 
thickness (endocardial to endocardial, or endo- 
cardial to epicardial surface) of the tissue sections 


Fig. 3 Histological grades (gr) 
of myocardial fibre disarray in 
ascending order of severity ; 
grades 1 and 2 are normal 
variations but 3 and 4 represent 
true fibre disarray. 
( Haematoxylin and eosin. 

480. ) 
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Fig. 4 Representative photo- 
micrographs of four 
histologically distinct types of 
myocardial fibrosts. 

A, microscopical scars ; 

B, perivascular fibrosis ; 

C, interstitial fibrosis ; and 

D, plexiform fibrosis. ! Mallory- 
Heidenhain. = 160.) 


was measured for each section location (1 to 7), and 
this was used as quantification of free wall and 
septal thickness, that is ventricular hypertrophy 
(Table 2). 

When the grading of fibre disarray and individual 
types of fibrosis and the measurement of wall 
thickness of all sections had been completed, the 
observer double-blind (tissue location and disease 
entity) study code was broken and the histological 
slides were separated into the disease entity groups 
(four) and tissue-section locations (seven). A 
numerical index for fibre disarray and for each type 
of fibrosis was then obtained for each section 
location in each group by dividing the sum of the 
mean grade of each section by the number of 
patients in each group" (Fig. 2). 

With the use of these indices of fibre disarray and 
fibrosis at each section location, not only was the 
severity of these factors assessed but the distribution 
of each was also evaluated throughout the transverse 
and longitudinal axes of the heart within each 
disease group. Subsequently, the severity and 
distribution of fibre disarray and fibrosis in aortic 
stenosis and hypertrophic and congestive cardio- 
myopathy were compared with normal and with one 
another. In addition, we investigated the relation 
between fibre disarray index, each type of fibrosis 
index, and wall thickness in the four groups. 

Numerical data for each variable in all section 
locations 1 to 7 (Fig. 1) are given in Tables 2 to 7. 
(Note: in Fig. 5 and 7 to 10, for the purposes of 
clarity and simplicity, only sections 1 to 4 are shown, 
that is, all sections from the tissue slice taken 1 cm 
below the mitral annulus, because indices of fibre 
disarray and fibrosis from sections 6 and 7, taken 
from 3cm below the mitral annulus, were not 
significantly different from those of sections 1 to 4 
in each disease group and in the normal group.) 
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Statistical methods 


For each diagnostic group and each index listed 
above, formal tests of significance were used to 
determine whether differences existed among 
sections of the heart. These tests, based on 
Hotelling's T*,** are **overall" tests that considered 
all sections simultaneously. In general, such 
overall tests were followed by further paired 
comparisons of subgroups only when a statistically 
significant (p < 0-05) result was obtained. 

In the absence of evidence of section differences 
for any of the indices, each index was summed over 
the six sections constituting the left ventricle for 
comparisons among diagnostic groups. Such com- 
parisons, carried out separately for left and right 
ventricles, were based on one-way analysis of 
variance. This is an overall test that considered the 
four groups simultaneously. Paired comparisons 
were made only when the analysis of variance 





Table 2 Wall thickness for section locations 1 to 7 in 
the four groups studied* 
Right 
ventricular 
Left ventricular wall thickness wall 
mm) for each section location thickness 
No. of Fig. 1) (Mean and SE mm) 
Group hearts 
I 2 3 J 6 7 5 
Normal 10 122 121 140 136 130 151 5:6 
+1-2 +10 +08 -09 +12 +15 :0:4 
HOCM 10 206 204 208 175 225 199 7:9 
+19 -22 +15 +13 «18 +13 +06 
COCM 10 75 135 128 120 147 129 67 
+07 «10 +09 +10 211 19 205 
AS 10 137 159 163 168 168 167 87 
+10 -13 -08 -10 +13 £10 i15 


NE 
* Abbreviations as in Table 1. 
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indicated that a statistically significant difference 
existed. 

As a test for association between wall thickness 
and index scores in the left ventricle, mean values 
(averaged over sections) were computed for each 
heart. Spearman’s correlation coefficient (R,) was 
then used to measure association. In addition, for 
determining whether fibre disarray and fibrosis 
index scores varied with wall thickness within 
individual hearts, Rẹ was computed separately for 
each heart and then averaged over the 10 subjects in 
each diagnostic group. This provided the basis for 
a. two-tailed t test for association. 

In all cases, differences that were not significant 
at the p —0-05 level have been termed “‘not statisti- 
cally significant". 


Results 


For the purposes of comparing the severity and 
distribution of fibre disarray in hypertrophic and 
congestive cardiomyopathy and aortic stenosis with 
normal, indices were derived for each section 
location in each disease group. T'he most severe 
involvement with fibre disarray would have an index 
of 40, whereas if fibre disarray was absent, the 
index would be zero. Indices numerically less than 
unity occurred when fibre disarray was present in 
a section location in some hearts and absent in other 
hearts within the same group. 


FIBRE DISARRAY 

Normal (group 1) 

Fibre disarray occurred in normal hearts, as 
previously reported, !? in the right and left 
ventricles. The fibre disarray index varied from 
0-5 in the anterior left ventricular wall to 0-9 in 
the posterior left ventricular wall (Table 3, Fig. 5). 


Table 3 Fibre disarray index for section locations 1 to 7 
in four groups studied* 





Fibre disarray index for each section 
location (Fig. 1) (Mean and SE) 








Group No. of 

hearts Left ventricle Right 
ventricle 
1 2 3 4 6 7 5 

Normal 10 0-63 053 0-87 0-90 0:63 0-83 0:87 
x0-14 40:13 40-14 40-25 x0-19 +012 x0-18 
HOCM 10 1:93 150 143 110 153 130 0:97 
+013 £0.22 x0-13 40-14 +020 20-20 +0-15 
COCM 10 0-80 077 077 077 067 120 0:97 
x0-2I 40-21 40-17 +016 40-17 40-19 +0-24 
AS 10 0-63 0-90 0-97 1:00 0-80 0-97 0:83 
x0-14 x0-17 40-18 +0-16 40:15 x0-18 X024 





* Abbreviations as in Table 1. 
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Fig. 5 Mean of fibre disarray index for section 

locations 1 to 4 (Fig. 1) for normal hearts, 

hypertrophic cardiomyopathy ( HOCM ), congestive 
cardiomyopathy (COCM), and aortic stenosis (AS). 
Fibre disarray index was significantly increased in HOCM 
but was normal in COCM and AS. 


In the transverse axis of the left ventricle, the 
severity of the fibre disarray index was similar in 
section locations 1 to 4, and it did not differ 
significantly in the lower septum, lower lateral left 
ventricular wall, or right ventricular wall. 


Hypertrophic cardiomyopathy (group 2) 

In the hearts with hypertrophic cardiomyopathy, 
the fibre disarray index was significantly increased 
(p « 0-001). In the left ventricular transverse axis, 
it varied from 1-3 in the posterior wall to 2-0 in the 
upper septum (Table 3, Fig. 5). Though the fibre 
disarray index was consistently greater in the 
septum than in the free wall, the differences among 
sections were not statistically significant. The lack 
of a significant difference in fibre disarray index and, 
similarly, in the fibrosis index when section locations 
of the heart were compared does not mean that fibre 
disarray or fibrosis is homogeneous. It indicates 
that differences occurring within one heart were not 
consistently reproduced among other hearts and 
does not warrant the conclusion that no difference 
existed. A true difference could possibly exist and 
yet go undetected because of a relatively small 
sample size. In addition, the fibre disarray index 
was comparable in the lower and upper portions 
of the lateral wall and in the lower and upper parts 
of the septum; there was no change in severity 
from the apex to the base of the heart. The fibre 
disarray index in the right ventricle in hypertrophic 
cardiomyopathy was normal (Table 3). 


Congestive cardiomyopathy (group 3) 

'The fibre disarray index in hearts with congestive 
cardiomyopathy varied from 0-7 in the lower lateral 
left ventricular wall to 1:2 in the lower septum and 
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1-0 in the right ventricle. There was no statistically 
significant variation in the severity of fibre disarray 
among the sections, and no statistically significant 
difference from the normal group was observed 
(Table 3, Fig. 5). 


Aortic stenosis (group 4) 

The fibre disarray index in the hearts with aortic 
stenosis varied from 0-6 in the upper septum to 1-0 
in-the posterior left ventricular wall and 0:8 in the 
right ventricle (Table 3, Fig. 5). These values were 
very similar to those in congestive cardiomyopathy 
and were not significantly different from normal in 
severity or distribution. 


WALL THICKNESS 

The fibre disarray index in the left ventricle varied 
independently of wall and septal thickness within 
the hearts with hypertrophic cardiomyopathy. In 
hearts with aortic stenosis, wall thickness was 
significantly increased (p —0-001), similar to that in 
hypertrophic cardiomyopathy (p « 0-001) (Table 2); 
in the dilated hearts with congestive cardiomyo- 
pathy, in which wall thickness was normal, the 
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Fig. 6 Mean fibre disarray index for entire left 
ventricle in each patient (computed for section locations 

1 to 4 and 6 and 7, Fig. 1), in various groups, normals, 
HOCM, COCM, and AS (abbreviations as before). 
Reliability of fibre disarray index in separating hearts 
with HOCM from normals, COCM, and AS is indicated 
when an arbitrary value of 1-4 is used as a criterion. 

Two hearts with HOCM are missed and one normal and 
one COCM heart are incorrectly classified, but no heart 
with AS is misclassified. 
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Table 4 Microscopical scar index for section locations 
1 to 7 in four groups studied* 





Microscopical scar index for each section location 
(Fig. 1) (Mean and SE) 














Group No. of Left ventricle Right 
hearts ventricle 
1 2 3 4 6 7 5 
Normal 10 0-20 0-07 000 2003 000 0-00 0-00 
+40:16 +007 — 40:03 — — — 
HOCM 10 017 003 017 023 010 047 0:03 
+011 40-03 +0-09 +014 40-05 40-21 +003 
COCM 10 0-77. 057 0-40 027 030 0-17 0:37 
+024 +0-18 +0-22 +0-:17 ::0:24 40-10 +021 
AS 10 0-10 040 0-23 033 017 063 0-17 
+0:10 +40:27 +40:17 +009 +0-13 40-32 4011 





* Abbreviations as in Table 1. 


fibre disarray index was the same as in aortic 
stenosis. Thus, these findings indicate that fibre 
disarray was unrelated to wall thickness, that is, to 
left ventricular hypertrophy. 

The reliability of the fibre disarray index in 
separating hearts with hypertrophic cardiomyo- 
pathy from normals, those with congestive cardio- 
myopathy, and those with aortic stenosis is indicated 
in Fig. 6. When 1-4 was used as an arbitrary 
criterion, two cases of hypertrophic cardiomyo- 
pathy were missed and one normal heart and one 
heart with congestive cardiomyopathy were in- 
correctly classified, but no case of aortic stenosis 
was misclassified. 


MYOCARDIAL FIBROSIS 

In a fashion exactly like that for the fibre disarray 
index, indices for each of the four types of fibrosis 
were derived so that hypertrophic and congestive 
cardiomyopathy and aortic stenosis could be 
compared with the normal and subsequently with 
one another. 


MICROSCOPICAL SCARS 

Microscopical scars were uncommon in normal 
hearts and were not significantly more common in 
hypertrophic or congestive cardiomyopathy or 
aortic stenosis in the right and left ventricles in each 
group (Table 4, Fig. 7). 


INTERSTITIAL FIBROSIS 

The interstitial fibrosis index in normal hearts 
varied little (0-4 to 0:9), and in hypertrophic 
cardiomyopathy (0-9 to 1:2) it did not differ 
significantly from normal in the right ventricle or 
the left ventricle. In congestive cardiomyopathy and 
aortic stenosis it was significantly (p=0-002) in- 
creased, 1-3 to 2:0 and 1-4 to 1-8, respectively 
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Fig. 7 Mean of microscopical scar index in normals, 
HOCM, COCM, and AS (abbreviations as before), 
showing no significant increase from normal in HOCM, 
COCM, or AS. 
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(Table 5, Fig. 8). Regardless of severity, the 
differences in interstitial fibrosis index among 
section locations within each group were not 
statistically significant. 


PERIVASCULAR FIBROSIS 

The perivascular fibrosis index in the normal heart 
was 0:6 to 1-0 in the left ventricle and 0-5 in the 
right ventricle; in hypertrophic cardiomyopathy it 
was 0-7 to 1:2 in the left ventricle and 0:6 in the 
right ventricle, and did not differ significantly from 
normal. In congestive cardiomyopathy and aortic 
stenosis, however, perivascular fibrosis indices in 
the left ventricle were significantly (p—0-001) 
increased, 1-5 to 1-8 and 1-3 to 1-7, respectively 
(Table 6, Fig. 9) but were not increased in the right 
ventricle (1:3 and 1:0). Within each group the 
differences in severity of perivascular fibrosis among 
section locations (that is, the distribution of 
perivascular fibrosis) throughout the left ventricle 
were not statistically significant. 


PLEXIFORM FIBROSIS 
Plexiform fibrosis occurred in the right ventricle 
and left ventricle of the hearts of all groups. The 


Table 5 Interstitial fibrosis index for section locations 
1 to 7 in four groups studied* 





Interstitial fibrosis index for each section location 
(Fig. 1) (Mean and SE) 








Group No. of Left ventricle Right 
hearts ventricle 
1 2 3 4 6 7 5 
Normal 10 0:90 0-47 080 093 043 0-73 0:80 
+023 40-15 +023 40-22 40-14 40-25 +023 
HOCM 10 107 1:00 113 093 123 087 0:67 
:0:24 40-21 0-13 +022 +020 40-25 40°26 
COCM 10 2:03 167 150 P33 150 1-43 1-23 
+030 40-29 40-23 40-25 £027 40-21 +016 
AS 10 157 147 167 180 137 183 120. 
40°28 40-29 40-31 40-27 40:35 +0-30 i0-22 





* Abbreviations as in Table 1. 
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plexiform fibrosis index was 0:2 to 0-4 in normals, 
0:2 to 0-6 in congestive cardiomyopathy, and 0:2 to 
0-6 in aortic stenosis, and the distribution among 
section locations ir the left and right ventricles in 
all three groups did not vary significantly (Table 7, 
Fig. 10). In hypertrophic cardiomyopathy, plexiform 
fibrosis was significantly increased, 0-5 to 1:1 
(p =0-004), particularly in the septum, where its 
prevalence was closely associated with fibre disarray 
(Table 7, Fig. 10). 


fibrosis 
p<0-01 


Interstitial 


p<0-01 





1234. 
AS 


1234 
COCM 


1234 

HOCM 
Fig. 8 Mean of interstitial fibrosis index in normals, 
HOCM, COCM, and AS (abbreviations as before). 


Interstitial fibrosis index was normal in HOCM but was 
significantly increased in both COCM and AS. 


1234 
Normal 


WALL THICKNESS 

Wall thicknesses for each section location are shown 
in Table 2. The indices for all four types of fibrosis 
varied independently of wall thickness in the left 
ventricle, both among sections within individual 
hearts and among hearts within diagnostic groups. 


Discussion 


Most of the so-called diagnostic features of 
hypertrophic cardiomyopathy have subsequently 
been shown to occur also in unrelated anatomical 
and physiological circumstances; thus, no single 
clinical or histopathological feature of this disease 
is pathognomonic. A consistent observation in 
patients with this disease, however, is the wide 
spectrum of left ventricular function.?-?* The 
purposes of our study were to determine the 
specificity of fibre disarray in hypertrophic cardio- 
myopathy, to quantify the severity and distribution 
of fibre disarray and myocardial fibrosis and their 
relation. to left ventricular hypertrophy in the 
heart as a whole, and to establish whether an 
anatomico-pathological basis could be found to 
account for the variability in left ventricular function. 

Myocardial fibre disarray, which had initially 
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been believed by some investigators to be specific 
for hypertrophic cardiomyopathy,!!?!* has been 
shown in normal hearts, 1° and in a variety of 
congenital cardiac malformations,!? 2° 29 30 in which 
there appears to be no common pathophysiological 
mechanism for this change. The non-specific nature 
of fibre disarray was confirmed in our study, in 
that it was present in varying degrees in normal 
hearts and in hearts with congestive cardiomyo- 
pathy and aortic stenosis and was similarly distri- 
buted among section locations throughout the long 
and short axes-of the left ventricle. Furthermore, 
the fibre disarray index in the right ventricular wall 
did not vary significantly among the three disease 
groups (2 to 4). 

In hypertrophic cardiomyopathy, the fibre 
disarray index was significantly increased in all 
section locations in the transverse axis of the left 
ventricle 1 cm below the mitral valve, in the lower 
lateral left ventricular wall, and in the lower septum. 
Though the fibre disarray index in hypertrophic 
cardiomyopathy was numerically slightly higher in 
the septum than in the free wall, this difference was 
not significant, in distinct contrast to all the 
previous qualitative studies.!? 14 30 31 Jn addition, 
the fibre disarray index varied independently of 
wall and septal thickness; this indicated that 
asymmetric septal hypertrophy is not a prerequisite 
for fibre disarray. The fibre disarray index in the 
right ventricle in hypertrophic cardiomyopathy was 
no different from that in the right ventricle of 
normal hearts. 

Fibre disarray occurred most commonly in the 
middle third of the septum and free wall (Fig. 2), 
but this may be explained by the greater facility 
with which it can be recognised when sections of 
myocardium are cut parallel to, rather than at right 
angles to, the myocardial fibre axis. Though fibre 


Table 6  Perivascular fibrosis index for section locations 
1 to 7 in four groups studied* 





Perivascular fibrosis index for each section location 
(Fig. 1) (Mean and SE) 








Group No. of Left ventricle Right 
hearts ventricle 
1 2 3 4 6 7 $ 
Normal 10 1:00 0-87 093 0-90 063 0-80 0:53 
+017 40-11 +013 40:12 40-20 +011 +0-21 
HOCM 10 117 2073 1-10 123 103 113 0-60 
+018 +0-14 +012 40-17 +022 0-20 +016 
COCM 10 153 167 177 147 147 16? 1:27 
+022 40-14 +028 40-29 +022 40-12 025 
AS 10 1:60 143 163 147 130 157 1-00 
+019 40-22 40-22 +013 40-25 40-19 +0-26 





* Abbreviations as in Table 1. 
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Fig. 9 Mean of perivascular fibrosis in normals, 
HOCM, COCM, and AS (abbreviations as before). 
Perivascular fibrosis index was normal in HOCM but 
was significantly increased in COCM and AS. 


disarray per se is non-specific, its value as a histologi- 
cal marker was greatly enhanced when both its 
severity and its distribution within the left ventricle 
were quantified. When an arbitrary value of 1-4 
was selected, it allowed separation of hearts with 
hypertrophic cardiomyopathy from normal hearts 
and also from those with aortic stenosis and 
congestive cardiomyopathy (Fig. 6). 

Of the four types of myocardial fibrosis that were 
independently assessed, none was specific for 
hypertrophic cardiomyopathy. In hearts with 
hypertrophic cardiomyopathy and aortic stenosis, 
obstruction to left ventricular outflow had resulted 
in a similar degree of left ventricular hypertrophy, 
as determined by heart weight and wall thickness. 
The fact that perivascular and interstitial fibrosis 
indices were normal in hypertrophic cardiomyo- 
pathy but were significantly increased in aortic 
stenosis suggested that though both groups had 
left ventricular outflow tract obstruction, different 
pathophysiological mechanisms were at work. 

The perivascular and interstitial fibrosis indices 
in aortic stenosis and congestive cardiomyopathy 
were similarly and significantly increased, though 
wall thickness was normal in congestive cardio- 
myopathy and significantly increased in aortic 
stenosis; these findings suggest that these types of 
fibrosis vary independently of left ventricular 
hypertrophy. Within all three disease entities 
(groups 2 to 4), differences in severity of interstitial 
and perivascular fibrosis among section locations 
(that is, distribution of these variables) were not 
statistically significant in the left ventricle. Micro- 
scopical scars, which represent replacement of 
myocardial fibres after cell death, were present in 
all four groups and the scar index was normal. A 
further form of myocardial fibrosis, plexiform 
fibrosis, occurred in all hearts, and it had a similar 
magnitude and distribution in normal hearts, 
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congestive cardiomyopathy, and aortic stenosis. It 
was significantly increased, however, in hyper- 
trophic cardiomyopathy in which it was closely 
related to fibre disarray. 

There is controversy about the cause of fibre 
disarray in hypertrophic cardiomyopathy. One 
suggestion has been that the aetiological mechanism 
is increased wall stress and prolonged isometric 
contraction, ** for both occur in hypertrophic 
cardiomyopathy and semilunar valve atresia, in 
which fibre disarray of a similar severity has been 
reported.!? Stress, however, can be mathematically 
defined as force per unit area, and in the intact 
heart it equals transmural pressure. Because normal 
pericardial pressure in man is low (0 to 5 mmHg), 
peak transmural pressure (that is, peak wall stress) 
closely approximates peak left ventricular pressure. 
There are no data to support the suggestion!? that 
there is a correlation. between left ventricular 
pressure (wall stress) and fibre disarray in hyper- 
trophic cardiomyopathy. 

Although we had no haemodynamic data and 
therefore could not measure wall stress, we 
attempted to test indirectly the hypothesis that wall 
stress resulted in fibre disarray. We selected hearts 
with left ventricular outflow tract obstruction 
caused by aortic stenosis with a similar degree of 
left ventricular hypertrophy (wall thickness and 
heart weight) to the hearts with hypertrophic 
cardiomyopathy. The fibre disarray index in hearts 
with aortic stenosis was significantly less than that 
in hypertrophic cardiomyopathy, and this indicated 
that though increased wall stress (that is, increased 
left ventricular pressure) had "produced" a similar 
degree of left ventricular hypertrophy, it had not 
resulted in increased myocardial fibre disarray. 
Furthermore, in some patients with hypertrophic 
cardiomyopathy, left ventricular outflow tract 


Table 7 Plexiform fibrosis index for section locations 
1 to 7 in four groups studied* 
€————— ÁN 


Plexiform fibrosis index for each section location 
(Fig. 1) (Mean and SE} 











Group No. of Left ventricle Right 
hearts — ventricle 
1 2 3 4 6 7 3 
Normal 10 023 023 013 037 017 017 0:13 
OIL 20-11 +007 4018 40:13 40:09 +013 
HOCM 10 113 093 070 047 063 053 0:33 
z0:16 20-28 +010 +019 40-14 40-15 20-14 
COCM 10 0:50 060 053 023 027 037 0-23 
x014 «027 +017 20-11 +014 «0-14 +013 
AS 10 0.20 0533 047 057 043 0-43 0:20 
+009 20-17 20:23 x06 £019 40-21 +0-20 


* Abbreviations as in Table 1. 
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Fig. 10 Mean of plexiform fibrosis index in normals, 
HOCM, COCM, and AS ( abbreviations as before). 

Plexiform fibrosis index was significantly increased in 

HOCM but was normal in COCM and AS. 


gradients are absent at rest and remain small even 
on pharmacological provocation; consequently, left 
ventricular pressure and, therefore, wall stress 
must be close to normal. Fibre disarray has not been 
reported to be less of a histological marker in 
patients with small or absent left ventricular outflow 
pressure gradients than it is in those with large 
pressure gradients. There is thus little evidence 
to suggest a relation between fibre disarray and 
wall stress, and further support for this lack of 
relation is provided by the existence of fibre disarray 
in normal hearts and in those with congestive 
cardiomyopathy. 

An alternative hypothesis has been that 
contraction-induced linear forces may be important 
during cardiogenesis in producing normal myocar- 
dial fibre architecture and fibre alignment,” as 
they appear to be in the development of other 
biological tissue such as bone, and that in hyper- 
trophic cardiomyopathy alteration in these direc- 
tional forces interferes with the parallel alignment 
of myocardial fibres and results in fibre disarray.?° 
This hypothesis, however, does not explain the 
presence of fibre disarray in normal hearts, nor 
how it can be induced secondarily in normal 
animals long after cardiogenesis by the administra- 
tion of nerve growth factor?' or by chronic endo- 
cardial pacing.*! For the present, the implication 
that the fibre disarray in patients with hypertrophic 
cardiomyopathy who first have cardiovascular 
symptoms in their sixth or seventh decade has been 
present since before birth remains conjectural. 

A further hypothesis as to the cause of fibre 
disarray in hypertrophic cardiomyopathy is that it 
develops because of a primary genetic predisposi- 
tion,” which could explain its presence in a small 
number of reported cases of this disease at or soon 
after birth?* and also its absence in nonfamilial 
asymmetric septal hypertrophy?! ' This hypo- 
thesis, however, does not account for the presence 
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of fibre disarray in semilunar valve atresia! and in 
the conus muscularis of patients with tetralogy of 
Fallot,!8 °° conditions that are not genetically 
determined. 

We were also unable to explain the presence of 
fibre disarray in congestive cardiomyopathy but 
noted that it was significantly more common than 
in normal hearts throughout the left ventricle, was 
not significantly more severe in the septum than in 
the free wall, varied independently of left ventricular 
hypertrophy, and appeared unrelated to left 
ventricular wall stress. The fibre disarray index was 
useful in distinguishing hypertrophic from conges- 
tive cardiomyopathy and aortic stenosis when an 
arbitrary value of 21-4 was chosen (Fig. 6). 
Interstitial and perivascular forms of fibrosis were 
normal in hypertrophic cardiomyopathy, but 
plexiform fibrosis, which was closely associated 
with myocardial fibre disarray, occurred significantly 
more often in hearts with hypertrophic cardiomyo- 
pathy than in hearts with congestive cardiomyo- 
pathy or aortic stenosis. We could not demonstrate 
a pathological basis in terms of either fibre disarray 
or fibrosis on which to explain the variability of 
left ventricular function as shown echocardio- 
graphically and angiocardiographically, but this 
may have been because of the fact that the death 
of the patients with hypertrophic cardiomyopathy 
was directly related to left ventricular disease and 
that the left ventricular free wall and septal myo- 
cardium may have reached a similar degree of end- 
stage cardiomyopathy. 

Fibre disarray is thus a non-specific histological 
feature, as indicated by its presence in normal 
hearts, aortic stenosis, congestive cardiomyopathy, 
and a heterogeneous group of congenital cardiac 
malformations with no common  aetiological 
mechanism. Confusion may have arisen because a 
solitary causal mechanism has been sought; it 
probably represents a pathway for diverse patho- 
physiological processes. 
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SUMMARY Fetal cardiac anatomy was studied in 200 pregnancies between 14 weeks’ gestation and 
term using real time two-dimensional echocardiography. Eight scan planes were chosen as contributing 
valuable and distinct information on the establishment of cardiac normality. To confirm the 
echocardiographic interpretation, 25 fetal specimens between 12 and 28 weeks’ gestational age were 
sectioned to imitate echocardiographic scan planes and the echocardiographic and anatomical pictures 
obtained were correlated with each other. The number of patients in whom each plane was recognised 
was tabulated in the first and second hundred, the second hundred having been studied after the 
anatomical studies were made. One longitudinal and one transverse plane could be seen in nearly all 
patients and considerable improvement in the frequency of recognition of other planes was made in 
the second hundred patients with increasing experience and anatomical understanding. The tricuspid- 
pulmonary and four-chamber planes alone, however, showed four cardiac chambers, two atrioventricular 


valves, and two arterial valves within their respective outflow tracts. 


Because of the improved resolution and penetration 
of modern real time cross-sectional - ultrasound 
scanners it has become possible to study cardiac 
anatomy during intrauterine life. This has im- 
portant diagnostic and therapeutic implications 
for the future prenatal detection of congenital 
cardiac malformations. Because the fetal heart is 
surrounded by fluid-filled and airless lungs, which 
do not obstruct ultrasound, the heart is visualised 
in planes unobtainable in the neonate. The anatomy 
thus displayed is therefore different from that 
obtained with standard neonatal echocardiographic 
views, and that difference could allow misinterpre- 
tation of normal findings. In this study we have 
correlated anatomical and  echocardiographic 
sections to confirm the echocardiographic inter- 
pretation and provide the basis for the detection of 
cardiac abnormalities. 


Patients and methods 


Two hundred pregnancies were scanned using a 
Kretz Combison 100 sector scanner or an ATL 
mark 3 sector scanner. The pictures were recorded 
* This work was supported by a research grant from the Robertson 
Trust and the British Heart Foundation. 
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on a Sanyo VTC 7100 videocassette recorder and 
subsequently analysed. The fetal position was 
established initially by visualising the spine longi- 
tudinally from the head to the sacrum (a sagittal 
section). Having established the fetal spine as the 
reference point, it was found that each of four 
planes in the longitudinal axis of the fetus provided 
slightly different information about the cardiac 
structures to be identified (Fig. 1). By turning 
the transducer through 90° from the longitudinal 
plane the fetus was then examined in the transverse 
axis (Fig. 2). Scanning in four transverse planes 
again augmented information about cardiac 
anatomy. 


ANATOMICAL STUDIES 

Twenty-five abortuses between 12 and 28 weeks’ 
gestation were sectioned to imitate the postulated 
echocardiographic planes. The specimens were 
taken from a museum collection of spontaneous 
abortions which had been fixed in formalin. In 
several instances more than one section was required 
before the correct orientation was discovered. 


Results 


The first observation was that the fetal heart lies 
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in a more horizontal plane than the neonatal heart 
(Fig. 3). This is because of the size of the liver, 
which in the fetus extends to the left side of the 
abdominal wall. Thus, the apex of the heart is 
displaced cranially and the long axis of the left 
ventricle is more horizontal than in the adult. 


LONGITUDINAL PLANES 

The most consistently obtained plane echocardio- 
graphically in the longitudinal axis (Fig. 4) shows 
that the pulmonary valve is anterior and cranial 
to the aortic root. The aortic valve is easily visualised 
cranial to the tricuspid valve as the latter enters 
the right ventricle from the right atrium. The right 
atrium is recognised by identifying its connection 
to the superior and inferior vena cavae. It was 
found that this plane of anatomy, termed the 
tricuspid-pulmonary plane, was produced by 


Plane of scan 





Short axis LV 
4 Ouctus plane 






Fig. 1 Diagram showing the four different planes all 
taken in the longitudinal axis of the fetus. The inset is a 
transverse section of the thorax showing the approximate 
orientation needed to produce the four different planes. 





Long axis LV 






4-chamber 


4-chamber aortic root 


Fig.2 Diagram showing the four different planes in the 
transverse plane of the fetus. The aortic wedge and the 
four-chamber planes are direct transverse cuts. The four- 
chamber aortic root plane is obtained in the same 
transverse plane as the four-chamber but with cephalic 
angulation of the beam as shown in the lower right-hand 
diagram. The long axis of the left ventricle is obtained 
as an oblique plane as shown in the upper left-hand 
diagram. 


cutting the abortus parallel to the spinal cord with 
about 20? obliquity to the coronal plane, the plane 
being well anterior relative to the thoracic cavity 
(Fig. 1) The tricuspid-pulmonary plane was 
identified in 90 per cent of the first and 96 per cent 
of the second hundred patients studied. Having 
obtained this standard view, the angle of the 
transducer was then altered to obtain further 
longitudinal planes. By increasing the obliquity 
from the sagittal plane the pulmonary trunk can be 
shown sweeping posteriorly and connecting via 
the ductus arteriosus with the descending aorta 
(Fig. 5). 

The aortic root is seen as a circle with the 
aortic valve closing at its centre and the right 
atrioventricular junction is well visualised. This 
plane is called the ductus plane. If instead of 
following the pulmonary trunk back to the ductus 
the angulation of the transducer to the sagittal 
plane is increased, the aortic arch can be traced 
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into the descending aorta. The head and neck 
arteries are seen ascending from the arch and the 
relation to the oesophagus is seen (Fig. 6). This is 
the aortic arch plane. By then cutting the thorax 
in a sagittal plane taken to the left of the sternum 
with a slight degree of obliquity towards the left 
shoulder, the left ventricle is seen in its short axis 
with the right ventricular infundibulum ascending 
anterosuperiorly. The pulmonary valve is visualised 
in this plane (Fig. 7). We have called this the left 
ventricular short axis plane. The degree of success 
in obtaining these three additional longitudinal 
planes in the first and second hundred patients 
studied is shown in Tables 1 and 2. 


TRANSVERSE PLANES 

When the fetus is scanned in its transverse axis 
(Fig. 2) the view most consistently obtained shows 
the four-chamber view of the heart (Fig. 8). The 
right ventricle is seen anterior to the left ventricle, 
and its thinner wall and coarser trabecular pattern 
are often distinguishable. The anatomical cut to 
produce this plane was found to be completely 
transverse at the level of the junction of the sternum 
and the fifth costal cartilage. A similar transverse 
cut at the level of the manubrio-sternal junction 
(Fig. 2) shows the aorta wedged between the right 
Fig. 3 The thorax and abdomen of an 18-week human and left atria and hence is termed the aortic wedge 
abortus dissected to show the orientation of the heart in plane. The right and left ventricle are seen con- 
relation to the remaining organs. siderably foreshortened anterior to the aorta 
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Fig. 4 The longitudinal echocardiographic findings (a) in the tricuspid-pulmonary plane shown in Fig. 1. The 
drawing (b) shows the structures visualised, and 4c shows the simulated plane in a dissected human abortus. 
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Fig. 5 A similar composite of echocardiographic findings (a), drawing (b), and anatomical dissection (c) illustrating 
the ductus longitudinal plane as shown in Fig. 1. 


(Fig. 9). By adding cranial obliquity to the trans- root from the left ventricle, with aortic-mitral 
verse plane at the level of the fifth costal cartilage — continuity, is visualised (Fig. 11). The success 
the aortic root is seen in four chamber projection rate of obtaining these transverse planes is shown 
originating from the left ventricle, giving the four- in Tables 1 and 2. The four-chamber plane was 
chamber aortic root plane (Fig. 10). Finally, by obtained in all of the first 100 patients studied 
taking a transverse plane with some obliquity and all of the subsequent patients. The left ventri- 
away from the horizontal (Fig. 2) towards the  cular long axis plane showing its outflow tract 
right shoulder it is possible to cut the left ventricle was found only five times in the first 100 but in 
in its long axis, giving the left ventricular long 41 per cent of the second 100 patients examined. 
axis plane. The infundibulum of the right ventricle It may be seen from the Tables that some scan 
is then seen anteriorly, and the origin of the aortic planes were easier to obtain at different gestational 
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Fig. 6 A similar composite as shown in Fig. 4 and 5,"this time illustrating the aortic arch plane shown in Fig. 1 
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Table 1 Plane recognition throughout pregnancy in first 100 patients 














Gestational age (wk) 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
Number of patients 2 2 11 3 11 4 10 5 5 3 6 2 1 1 
100 100 82 100 91 100 80 100 100 100 83 100 100 100 
Tricuspid-pulmonary plane 2 2 9 3 10 4 8 5 5 3 5 2 1 1 
— — 27 33 36 25 50 80 40 66 83 50 — 100 
Ductus plane — — 3 1 4 1 5 i 2 2 5 1 — 1 
( as = aaj =z 9 — 30 — — — 17 — 100 — 
Aortic arch plane — — — — 1 — 3 — — — 1 — 1 — 
— = — = — 25 10 20 20 33 17 50 — — 
Short axis left ventricle — — — — — 1 1 1 1 1 1 1 — — 
‘ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Four-chamber plane 2 2 11 3 11 4 10 5 5 3 6 2 1 1 
( — — 27 66 91 25 60 80 40 100 50 — 100 100 
Aortic wedge plane — — 3 2 10 1 6 4 2 3 3 — 1 1 
) - — 9 — 18 50 30 40 20 33 50 50 100 100 
Four-chamber aortic root plane — — l — 2 2 3 2 1 1 3 l 1 1 
17 — — — 
Long axis of left ventricle — — — — — — — — — — 1 — — — 
Table 2 Plane recognition throughout pregnancy in second 100 patients 
Gestational age (wk) 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
Number of patients 3 l 5 ll 11 4 6 4 4 6 4 2 2 — 
100 100 100 100 100 100 100 100 100 100 100 50 100 — 
Tricuspid-pulmonary plane 3 1 5 11 11 4 6 1 4 6 4 1 2 — 
33 100 80 82 91 100 66 75 100 83 100 50 100 — 
Ductus plane 1 1 4 9 10 + 4 3 4 5 4 1 2 — 
33 — 20 55 73 50 50 50 100 33 75 0 0 — 
Aortic arch plane 1 — 1 6 5 2 3 2 4 2 3 — — — 
) 33 — 40 36 45 50 33 100 75 66 50 100 50 -— 
Short axis left ventricle l — 2 4 5 2 2 4 3 4 2 2 1 — 
) 100 100 100 100 100 100 100 100 100 100 100 100 100 — 
Four-chamber plane 3 1 5 11 il i 6 4 4 6 4 2 2 — 
) 100 100 40 82 82 75 83 75 50 83 75 — 100 — 
Aortic wedge plane 3 l 2 9 9 3 5 3 2 5 3 — 2 — 
66 100 60 82 91 100 100 100 100 100 100 100 100 — 
Four-chamber aortic root planc 2 l 3 9 10 4 6 4 4 6 t 2 2 — 
0 0 20 27 18 25 66 25 50 83 50 0 0 — 
Long axis of left ventricle — — 1 3 2 1 4 l 2 5 2 — — — 
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Fig. 7 A composite showing the left ventricular short axis plane. See Fig. 1 for orientation. 
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ages—for example, the short axis left ventricular 
plane after 20 weeks' gestation. It should be 
pointed out that the frequency of plane recognition 
reflects the speed and ease of their identification, 
and a higher detection rate could have been 
achieved if unlimited time had been available or 
if a repeat study had been performed in individuals. 
This is because fetal position or fetal movement 
may limit the number of planes identified at one 
particular time. In addition, scan plane identifica- 
tion is really an artificial way of dividing up what 
is a continuous scan sweep, which, with experience, 
allows each view to follow on from one another. 


Discussion 


The ability to recognise with accuracy normal 
cardiac anatomy by fetal echocardiography is a 
prerequisite for the successful antenatal diagnosis of 
congenital cardiac malformations. We have shown 
that this anatomy is displayed in a significantly 
different fashion in the fetus as compared with 
standard paediatric and adult echocardiographic 
sections. The reasons for this are twofold. First 
the heart is surrounded by fluid-filled lungs which, 
unlike the situation in extrauterine life, do not 
obstruct ultrasound. Second, the orientation of the 
heart is different, particularly in the middle 
trimester, because of the relatively large size of the 
liver, the major haemopoietic organ of the fetus. 
This tilts the apex of the heart cephalad and 
produces a more horizontal long axis of the left 
ventricle than is usually seen in the neonate. 
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Fig.8 A composite of echocardiogram (a), drawing (b), and dissection (c) illustrating the findings in the four-chamber 
transverse plane (see Fig. 2). The left ventricle is dissected anterior to the annulus of the mitral valve. 
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(see Fig. 2). 


Perhaps because of this, the most easily obtained 
view in extrauterine life, namely the long axis 
section of the left ventricle, was the view most 
difficult to obtain during fetal life, The most 
consistently obtained longitudinal view showed the 
relation of tricuspid and pulmonary valves relative 
to the aortic valve while the most easily obtained 
transverse section disclosed the four-chamber 
arrangement of the right and left sides of the heart. 
By angulation of the ultrasound beam from these 
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Fig. 10 By angling the echo beam cranially in a transverse plane at the level of the fifth costal cartilage (see 
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A composite showing the findings in the transverse plane which gives the aortic wedge echocardiographic cut 


readily obtained scan planes, it was then possible 
to show with a high degree of accuracy the con- 
nection of the aorta to the left ventricle and the 
pulmonary trunk to the right ventricle. Thus, in 
all the patients studied, by using combinations 
of our described scan planes, it was possible to 
determine unequivocally the normality of the 
cardiac connections. Cardiac morphology can, we 
believe, be assessed with a high degree of accuracy 
though minor degrees of stenosis or obstruction 
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the four-chamber aortic root plane is obtained, as shown in this composite. 


Echocardiographic and anatomical correlates in the fetus 
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as shown in this composite. 


to ventricular outflow tracts may not be detected. 

Despite these minor limitations concerning 
precise morphology, our findings show that many 
congenital lesions should be detectable between 20 
and 30 weeks' gestation. A four-chamber scan 
alone should exclude hypoplasia of the right or 
left ventricles, univentricular heart with double 
inlet or absent connection, and the various forms 
of atrioventricular defects. 

Normal scan planes showing the aortic root 
and pulmonary trunk ductus axis should exclude 
aortic and pulmonary atresia and truncus arteriosus. 
The four-chamber plane with the aortic root and 
the long axis plane of the left ventricle showed 
aortic-mitral and aortic-septal continuity with the 
attendant implications of these positive findings. 
Combinations of all the planes should allow the 
demonstration of normal intracardiac anatomy 
while the views obtained of the aortic and pulmon- 


Aortic valve 


Mitral valve 







Left atrium 





An oblique cut in the transverse plane as illustrated in Fig. 2 gives the long axis plane of the left ventricle, 


ary artery may exclude anomalies of these vessels 
such as hypoplasia of the aortic isthmus. 

Tables 1 and 2 show clearly the progress ob- 
tained with practice. In part the greater success 
obtained in the study of the second 100 patients 
was related to increased scanning experience, 
but also to the increased knowledge of fetal cardiac 
anatomy. These findings show that it is possible 
to establish cardiac normality in the fetus and 
should make it possible to diagnose major con- 
genital cardiac malformations, 
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Cardiovascular malformations in DiGeorge syndrome 
(congenital absence or hypoplasia of the thymus) 


P MOERMAN, P GODDEERIS, J LAUWERIJNS, L G VAN DER HAUWAERT 


From the Section of Paediatric Cardiology and the Department of Pathology, 
University Hospital Gasthuisberg, Leuven, Belgium 


SUMMARY Partial or complete absence of the thymus (DiGeorge syndrome, III-IV pharyngeal pouch 
syndrome) is often associated with agenesis or hypoplasia of the parathyroid glands and, almost 
invariably, with cardiovascular malformations. The clinical and pathological findings in 10 cases 
proven at necropsy are presented. All patients presented with cardiac symptoms and signs in the 
first weeks of life and, with one exception, all died of a cardiac cause. 

Major cardiovascular malformations were found in all 10 cases. Four had, in association with a 
ventricular septal defect of the infundibular type, an interrupted aortic arch, which was left-sided in 
two and right-sided in two other cases. Four patients had truncus arteriosus type I, in two of them 
associated with a right-sided aortic arch. Two patients with tetralogy of Fallot had a right-sided aortic 
arch. Only two of the 10 had a normally developed left aortic arch. Aberrant subclavian arteries were 
found in five cases. 

From our observations and a survey of the previously published patients it appears that 90 per cent ' 
of the necropsy-proven cases of DiGeorge syndrome have cardiovascular malformations and that 
95 per cent of these malformations can be classified as aortic arch anomalies, truncus arteriosus, or 


tetralogy of Fallot. 


Thymic aplasia or hypoplasia is often associated 
with complete or partial absence of the parathyroid 
glands and almost invariably with cardiovascular 
malformations. As both the thymus and parathyroid 
glands are derivatives of the same embryonic 
structures, this developmental anomaly has been 
called the III-IV pharyngeal pouch syndrome.! 2 
DiGeorge? described the clinical syndrome charac- 
terised by neonatal hypocalcaemia and defective 
thymus-dependent cellular immunity in infancy in 
which the most common cause of death is severe 
cardiac malformation usually involving the aortic 
arch or conotruncus. 

Our recent experience with 10 patients who died 
within the first year of life and came to necropsy 
indicates that this syndrome is not as rare as 
generally thought. This paper deals with the 
cardiovascular findings and reviews the published 
reports. 


Subjects 


In a consecutive series of 510 paediatric necropsies 
Received for publication 31 December 1979 


performed at the University Hospital Gasthuisberg 
over a three-year period, the anatomy of the thymus 
was carefully examined as a routine. Ten patients 
with agenesis or hypoplasia of the thymus were 
found. Stress involution was differentiated from 
hypoplasia on the basis of the symmetrical aspect 
of the shrinkage and the persistence of the normal 
bilobed anatomy. In hypoplasia at least one lobe 
of the thymus is completely absent. Thymic 
aplasia was defined as the absence of thymic tissue 
in the upper mediastinum. In nine of the 10 patients 
the tissue of the anterosuperior mediastinum and 
neck, which had been removed en bloc, was 
serially sectioned at 5 p and every 10th section was 
stained and histologically examined. All 10 patients 
had presented to the departments of paediatric 
cardiology or neonatology with cardiac symptoms 
and signs. Ventricular septal defects were classified 
after Goor and Lillehei4 and truncus arteriosus 
after Collett and Edwards. Two types of inter- 
rupted aortic arch® were distinguished: interruption 
distal to the left subclavian artery (type A) and 
interruption distal to the left common carotid 
artery (type B). This terminology was also applied, 
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mutatis mutandis, when a right-sided aortic arch 
was interrupted. 


Results 


(1) CLINICAL OBSERVATIONS 
The relevant clinical data are summarised in Table 
1. The sex predilection was predominantly male: 
seven male to three female. Maternal ages ranged 
between 22 and 39 years. Pregnancies lasted between 
34 and 40 weeks and birthweight ranged between 
1-1 and 3-8 kg. In five cases pregnancy had been 
unremarkable. Pre-eclampsia had been noted in 
one case (case 2). In one mother (case 5) with a 
nodular goitre, thyroxin had been discontinued but 
thyroid function remained normal throughout 
pregnancy. Because of hydramnios a caesarean 
section was performed at 34 weeks of gestation. 
At birth the child had a goitre. Hydramnios was 
also a complication in two other pregnancies 
(cases 6 and 9). One mother (case 7 had had a 
febrile illness in the first trimester of pregnancy. 
In all patients congestive heart failure or cyanosis 
were the presenting features which led to hospital 
admission. Only one infant (case 1) had severe 
hypocalcaemia and overt tetany. In one other 
patient (case 3) borderline hypocalcaemia 
(8-1 mg/100 ml) did not produce neurological 
symptoms. The serum calcium level was normal 
in six of the eight cases in which it was determined. 
Bronchopneumonia was a complication in three 
patients (cases 2, 3, and 8) and oral moniliasis 
and gastroenteritis in one patient (case 8). 
Cranofacial stigmata (Table 2) were noted in 
six patients. The most common were low-set ears, 
hypertelorism, and retrognathia (Fig. 1). The fairly 
specific “fish-mouth” appearance was observed in 
four cases. In one of them (case 3) this facial 
expression’ was enhanced by ankylosis of the 
mandibular joint. 


Table 1 Clinical data in 10 patients with DiGeorge syndrome 
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Table 2 Craniofacial stigmata 





Case no. Craniofacial stigmata 


1 Low-set ears, retrognathia, high-arched palate 


Hypertelorism, retrognathia, ankylosis of the mandibular 
joint, fish-mouth 


6 Hypertelorism, low-set ears, retrognathia 

7 '  Low-set ears, short philtrum, retrognathia, and high- 
arched palate, fish-mouth 

8 Low-set ears, hypertelorism, retrognathia, fish-mouth 

9 Slightly deformed ears, short philtrum, retrognathia, 
fish-mouth 





Death occurred within the first month of life 
in seven patients. Two patients died at 3 months. 
The longest survivor and only patient who was 
operated upon (case 7) died in a low cardiac output 
state three days after total correction of truncus 
arteriosus. 


(2) PATHOLOGICAL FINDINGS 

Cardiovascular anomalies (Table 3, Fig. 2) 

All hearts were situated on the left side and pre- 
sented with visceroatrial situs solitus and concordant 
atrioventricular connections. 

Major aortic arch anomalies were encountered 
in four patients (Fig. 3). Two patients had an 
interrupted left aortic arch, type A in one and type 
B in the other. In two cases an interrupted right 
aortic arch type B was observed. All four patients 
had an infundibular ventricular septal defect. In 
one of them (case 2) a distinct shift of the crista 
supraventricularis to the left produced narrowing 
of the subaortic region above the ventricular septal 
defect (Fig. 4). In three patients (cases 4, 5, and 10) 
the aortic valve was bicuspid but not difinitely 
narrowed. 

Six children had conotruncal anomalies. Truncus 
arteriosus type I was found in four children, in 


a 





(wk) (g) 


Case no. Sex Maternal Gestation Birthweight 
age (y) 

1 M 22 36 2370 
2 M 39 37 2600 
3 M 24 40 3300 
4 F 26 40 2800 
5 M 29 34 2290 
6 M 21 34 1100 
7 M 28 38 2320 
8 F 29 40 3050 
9 M 28 36 2900 

10 F 22 40 3800 


Hypocalcaemia Age at death Cause of death 
Severe 3 months Cardiac failure 

No 8 days Cardiac failure 
Slight 5 days Cardiac failure 

ND 12 days Cardiac failure 

No 4 hours Postnatal anoxaemia 
ND 2 days Cardiac failure, 

intravascular coagulation 

No 1 year Postoperative death 
No 3 months Cardiac failure 

No 1 month Cardiac failure 

No 16 days Cardiac failure 





ND, calcaemia not determined. 
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two of them associated with a right aortic arch. 
The two patients with tetralogy of Fallot also had 
a right aortic arch. In one of them (case 6) agenesis 
of the pulmonary valve and aneurysmal dilatation 
of the main pulmonary artery were observed. At 


the site of the pulmonary valve only a fringe of 


nodular and dysplastic tissue was found. The 
ductus arteriosus was absent. 

Anomalies of the subclavian arteries (Fig. 2) 
were common. Four patients had an aberrant 
left subclavian artery and one patient had an 
aberrant right subclavian artery. In one case with 
bilateral ductus arteriosus (case 10) the left sub- 
clavian artery was isolated from the aortic arch. 
It connected with the pulmonary artery via a 
left ductus arteriosus. The right ductus arteriosus 
supplied the descending aorta. Other cardiovascular 
findings were: bicuspid aortic valve (cases 4, 5, 
and 10), bicuspid pulmonary valve (case 4), and 
bilateral superior vena cava (case 3). Pulmonary 
venous connection was normal in all patients and 
in all the foramen ovale was patent, with an 
incompetent valve in three (cases 3, 4, and 6). 





case 8) characterised by low-set ears, 
hypertelorism, retrognathia, and fish-mouth appearance. 


Fig. 1 
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Thymus, lymph nodes, and spleen (Table 3) 

In five patients (cases 1, 2, 7, 8, and 10) rudimentary 
fragments of the thymus could be identified 
macroscopically. They were derived from the right 
lobe and were usually ectopic. The left lobe was 
absent in all cases (Fig. 5). Serial histological 
examination of the cervical and mediastinal tissue 
showed small thymic remnants in three other 
patients (cases 4, 5, and 6). The histological 
structure of this thymic tissue was normal. Evidence 
of involution was slight to moderate. No thymic 
tissue could be found in the remaining two patients 
cases 3 and 9). 

Compared with the histological structure of the 
lymph nodes in children of the same age group, 
the lymph nodes in these 10 patients showed 
hypocellularity of the paracortical area. The degree 
of lymphoid depletion of the thymus-dependent 
zones, however, was variable, even in the same 
patient. The cortical zone of the lymph nodes was 
normal with primary and sometimes secondary 
follicles (cases 1 and 7). 

Hypoplasia of the spleen was most striking in 
case 6, a dysmature infant. The spleen was also 
abnormally small in the patients with no thymus 
(cases 3 and 9). In all patients a pronounced 
hypocellularity of the periarteriolar lymphocytic 
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Fig. 2. Schematic representation of the great arteries 


arising from the heart in 10 patients with DiGeorge 
syndrome. 
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Table 3 Pathological findings 





Case no. Thymus* Parathyroids Spleen* 
1 1-0 g, absence of left lobe Absent 153g 
2 2:2 g, absence of left lobe 3 normal glands S3¢ 
3 Absent Absent 38 g 
4 Small nodule (0-7 cm Not examined 112g 

diameter) in R upper 
mediastinum 
5 Small nodule (0:6 Absent 79g 
0-3 x 0:3 cm) deep in R 
mediastinum 
6 Small nodule (0:5 cm 1 hypoplastic 25g 
diameter) in R upper gland 
mediastinum 
7 0*5 g, small nodule 1 normal gland 230 g 
under R thyroid lobe 
8 0:8 g, absence of left lobe 2 normal glands 56g 
9 Absent 2 normal glands 62g 
10 0:4 g, small nodule along 2 normal glands 5:9 g 


R carotid artery 


Cardiovascular system 


Extreme TF, R aortic arch, aberrant L subclavian artery 

Int L aortic arch type A, inf VSD, L shift of CSV 

l'runcus type I, inf VSD, aberrant R subclavian artery 
absent DA, bilateral SVC 

Int R aortic arch type B, inf VSD, bicuspid aortic valve 


Int L aortic arch type B, inf VSD, bicuspid aortic and pulmonary 
valve 

FF, absent pulmonary valve, R aortic arch, aberrant L subclavian 
artery, absent DA 

Truncus type I, inf VSD, R aortic arch, aberrant L subclavian 
artery, absent DA 

l'runcus type I, inf VSD, R aortic arch, aberrant L subclaviar 
artery, absent DA 

l'runcus type I, inf VSD, absent DA 

Int R aortic arch type B, inf VSD, bicuspid aortic valve, 
bilateral DA 





*weight in grams 


CSV, crista supraventricularis; DA, ductus arteriosus; inf 


infundibular; 


int, interrupted; L, left: R right; SVC, superior vena cava; TF. 


tetralogy of Fallot; truncus, truncus arteriosus; VSD, ventricular septal defect 





Fig. 3 Interrupted aortic arch. 
subclavian artery, in a patient with right aortic arch 
with the descending aorta and the right subclavian artery. 


case 


b 


a) Type B interruption, between the right common carotid artery and the right 

4). A large ductus arteriosus connects the pulmonary artery 
(b) Type B interruption, between the left common carotid 
artery and the left subclavian artery, in a patient with left aortic arch 


case 3j. 
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sheets was observed. In one patient (case 7) 
germinal centres in the white pulp were noted. 


Thyroid and parathyroids 

No gross abnormalities of the thyroid glands were 
seen. In one patient (case 3) the isthmus was 
absent. In the patient with congenital goitre 
(case 5) histological examination showed empty 
follicles, devoid of colloid and bordered by high- 
cylindrical cells. The histological structure of the 
thyroid gland was normal in the others. Even 








Ventricular septal defect in a patient with 


Fig. 4 
interrupted left aortic arch Upper panel: in 
the opened right ventricle an oval-shaped ventricular 
septal defect is seen in an unusual location between the 
conus septum and the sinus septum. Lower panel: the 
left ventricular view. A muscular band below the aortic 
valve produces narrowing of the left ventricular outflow 
tract above the ventricular septal defect. It is probably 
the result of a leftward shift of the crista supraventricularis 
(see text). 
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after serial sectioning and histological examination 
of the anterior mediastinum and neck, which was 
done in nine of the 10 patients, no parathyroid 
tissue could be found in three cases (cases 1, 3, 
and 5). In one patient (case 6) one hypoplastic 
parathyroid gland was found at the upper pole of 
the right thyroid lobe. In the other patients, one 
(case 7), two (cases 8, 9, and 10) or three (case 2) 
normal parathyroids were found. When present 
these glands showed a normal histological 
structure. 


ADDITIONAL FINDINGS 

One patient (case 1) had hammer toes and bilateral 
clinodactyly of the 5th finger. Microscopical 
examination of the right kidney in this patient 
showed small cartilaginous islands, with absence 
of cystic structures. The left umbilical artery was 


Fig. 5 
case 7). The left lobe of the thymus is absent. A small 
shrimp-shaped nodule of thymic tissue is seen below the 
right thyrotd lobe. 


Typical aspect of upper mediastinum at necropsy 
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absent in one patient (case 5). An abnormal 
lobulation of the right lung was found in seven 
patients: in three patients only two lobes were 
present, whereas in the remaining four patients 
the upper and median lobes were incompletely 
separated. 


Discussion 


Congenital absence of the thymus and parathyroid 
glands has, for many years, been known to be a 
cause of neonatal hypocalcaemia and tetany.’ 
The association with cardiovascular malformations 
was first noted by Lobdell* and by Farber and 
Vawter.’ DiGeorge* described the clinical spectrum 
and emphasised the deficit of thymic-dependent 
immunity. Though the anomaly has been reported 
as the III-IV pharyngeal pouch syndrome.! !? the 
term DiGeorge syndrome is now widely used. A 
critical review of the terminology and a classi- 
fication have been presented by Lischner.! 

Approximately 50 cases of the DiGeorge syn- 
drome have been reported. The largest series! 
comprises 10 cases but only three with pathological 
proof. A detailed description of the clinical and 
necropsy findings in six patients has been presented 
by Robinson? who also reviewed the 26 cases 
reported before his study. To this number should 
be added two patients reported by Rose er al,” 
four cases reported by Griscelli and Diebold,” 
two cases described by Shepard er aL, and 
three described by Cintado Bueno et al. 

In view of the rarity of this syndrome we were 
surprised to find 10 patients coming to necropsy 
within a period of three years. This may partly be 
explained by the fact that the pathologist, alerted 
by the first case, paid particular attention to the 
development of the thymus and parathyroid 
glands in paediatric necropsies, particularly in 
patients who had congenital heart disease. 

All patients presented with cardiac symptoms 
or signs in the first months of life and, with one 
exception, all died from a cardiac cause. Oniy one 
infant had overt tetany, one had borderline asympto- 
matic hypocalcaemia, whereas six of the eight 
patients in whom it was determined had normal 
serum calcium levels. Our findings are therefore 
at variance with most previous reports in which 
tetany or hypocalcaemia were often the major 
disturbance. They confirm, however, the ob- 
servations of Cameron’? who found no signs of 
hypoparathyroidism in a series of 10 cases. These 
discrepancies may be explained by the variable 
pathological composition of the syndrome. Careful 
macroscopical and serial microscopical examination 
of the neck and anterior mediastinum perfermed 
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in nine of our 10 cases, disclosed that in five patients 
at least one normal parathyroid gland was present. 
In one other patient one hypoplastic gland was 
found. Because of the unusual sites of ectopic 
tissue it is impossible to be certain that the re- 
maining three patients did indeed have “aplasia” 
of the parathyroid glands. Farber and Vawter? 
found parathyroid tissue high in the submucosa of 
the posterior pharynx and mentioned that ectopic 
tissue might also be located along the neural 
structures of the neck. While it is true that profound 
hypocalcaemia should alert the clinician to the 
possibility of DiGeorge syndrome, our experience 
indicates that this sign may be completely lacking. 

Defective cell-mediated immunity did not lead 
to serious clinical complications in the present 
series. However, no specific studies of immune 
function were performed, which might have 
disclosed an abnormally low percentage of thymus- 
dependent lymphocytes (T-lymphocytes) or de- 
pression in antibody response to specific 
immunisation.! A review of the previously 
reported children with an immunological deficit! 
shows that they were older than our patients 
and that most of them had less severe heart disease. 
We presume therefore that the severity of the 
cardiac condition in our patients caused early 
death before immunological problems could arise. 
It should also be stressed that in many patients 
part of the thymus or ectopic thymic tissue may 
be found. In three of our patients a hypoplastic 
right lobe (weighing 0-8 g, 1-0 g, and 2:25 g) was 
present. In five other patients serial microscopical 
examination disclosed the presence of nodules of 
ectopic thymic tissue. Only two patients could, 
within the limits of careful post-mortem examin- 
ation, be considered to be “athymic”. The 
variability of the pathological findings and the 
corresponding degree of deficiency of the cell- 
mediated immunity, led Lischner! to propose a 
classification in which partial and complete forms 
of the DiGeorge syndrome are distinguished. 

As commented on in previous studies! ? some 
patients have a peculiar facies characterised by 
hypertelorism, low-set ears, a short philtrum, and 
retrognathia. A fish-mouth appearance was noted 
in four of our patients. 

Various other anomalies have been reported in 
this syndrome, which, however, are neither con- 
stant nor characteristic: severe thyroid hypo- 
plasia,? ë ' oesophageal atresia,* !* choanal atresia,!* 
hydronephrosis,! and renal glomerular and tubular 
microcysts. It is noteworthy that seven of 10 
patients in the present study had an abnormal 
lobulation of the right lung. This high incidence 
has not been reported before. 
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Major cardiovascular malformations (Table 3) 
were observed in all 10 cases. Four patients had, 
in association with an infundibular septal defect, 
an interrupted aortic arch which was left-sided 
in two and right-sided in the other two. In one 
patient a leftward displacement of the crista 
supraventricularis produced narrowing of the 
subaortic region. The three other patients had a 
bicuspid aortic valve. Thus, in all four hearts a 
structure in the left ventricular outflow tract was 
found which, in fetal life, could have reduced 
forward aortic flow and impeded normal growth of 
the aortic arch. Identical observations in. larger 
series of patients with interrupted aortic arch 
have been made by Van Praagh et al)? and 
Moulaert.? Four patients had truncus arteriosus 
type Í and two had tetralogy of Fallot. Both these 
anomalies can be considered to be conotruncal 
malformations. Out of 10 patients only two (cases 
3 and 9) had a normal left aortic arch. In two 
patients a left aortic arch was interrupted and in the 
remaining six the aortic arch was right-sided. 
Equally common were anomalies of the subclavian 
arteries, which were noted in six cases. Agenesis 
of the pulmonary valve and aneurysmal dilatation 
of the main pulmonary artery encountered in one 
of our patients with tetralogy of Fallot (case 6) 
have previously been described in two other patients 
with DiGeorge syndrome.!? The association has 
also been briefly mentioned by Cameron.!* 

Compiling the 26 cases reported or reviewed 
by Robinson,? those reported by Rose et al., 
Shepard et al., 14 Griscelli and Diebold, Cintado 
Bueno et al., © and the 10 patients of the present 
study, a total number of 52 well-documented cases 
are available for further analysis. Only seven out 
of 52 patients had normal cardiovascular findings. 
'The cardiovascular malformations encountered in 
45 patients are listed in Table 4. Right aortic arch, 
without associated anomalies, was observed in 
seven patients (1695), double aortic arch in two 
(0-44%), and interrupted aortic arch in eight cases 
(18%). Twelve patients (27%) had truncus arterio- 
sus and 13 (29%) had tetralogy of Fallot. A very high 
incidence (19 cases, 42%) of right aortic arch was 
noted in the combined series: it occurred as an 
isolated anomaly in seven patients, in association 
with tetralogy of Fallot in seven, and with truncus 
arteriosus in three. In two patients in the present 
series (cases 4 and 10) a right-sided aortic arch 
was interrupted. There was no correlation between 
the type of the cardiovascular malformation 
and the degree of hypoplasia of the thymus and 
parathyroids. 

The following conclusions can be reached: (1) 
cardiovascular malformations are found in approxi- 
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mately 90 per cent of the necropsy-proven cases of 
DiGeorge syndrome, (2) the vast majority can be 
classified as aortic arch anomalies (right aortic 
arch, interrupted aortic arch, aberrant subclavian 
artery) and/or conotruncal anomalies (tetralogy of 
Fallot and truncus arteriosus). Together these 
rather uncommon types of malformation account 
for 95 per cent of all forms of congenital heart 
disease observed in this syndrome, (3) conversely, 
common types of congenital heart disease, such as 
isolated ventricular or atrial septal defect, coarcta- 
tion of the aorta, and aortic stenosis have, to the 
best of our knowledge, not been reported. 

The concurrence of malformations of the thymus 
and parathyroid glands can easily be explained by 
their embryogenesis, as the thymus originates from 
the third. pharyngeal pouch and the parathyroid 
glands are derivatives of both the third and fourth 
pharyngeal pouches. The frequent association 
with relatively rare forms of congenital heart 
disease is intriguing and so far unexplained. 
Harvey et al? drew attention to the close proximity 
of the aortic arch and the third and fourth pharyn- 
geal pouches during fetal life and postulated some 
sort of damage in this area at approximately four 
weeks' gestation. Robinson? proposed an ingenious 
mechanism of pathogenesis in which the cono- 
truncal anomaly would be the primary event, 


Table 4 Cardiovascular malformations in 45 patients 
with DiGeorge syndrome 





Malformations Combined 


series 


Present 
study 


Reported 
cases* 





R aortic arch 7 
Double aortic arch 2 
Interrupted aortic arch 
L aortic arch 4 
R aortic arch 
Truncus arteriosus 
with L aortic arch 
with R aortic arch 
Tetralogy of Fallot 1 
with L aortic arch 
with R aortic arch 
with L aortic arch and PV 
agenesis 
with R aortic arch and PV 
agenesis 1 1 


Ul mt wd 
Lnd Nw DESI 
E 
N Lad Qi Ut o) Uo Po t9 AWN «~] 


arteries 1 
Pulmonary stenosis 1 
Persistent ductus arteriosus 

Garge) 


mm 


ro 


Totals 35 10 45 





* In this series the 26 cases with cardiovascular malformations 
reported or reviewed by Robinson? were included. Also included 
were two cases reported by Rose et ai.,!* one case reported by 
Shepard et al.,'* three cases reported by Griscelli and Diebold,!3 
and three cases reviewed by Cintado Bueno et al.!5 

R, right; L, left; PV, pulmonary valve. 
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leading to altered perfusion of the left fourth 
aortic arch and its frequent deletion (interrupted 
aortic arch, right aortic arch). He further postulated 
the premature involution of the thyroidea ima 
artery which is the main embryonic blood supply 
of the third and fourth pharyngeal pouches. This 
hypothesis, however, has not been corroborated 
by pathological or embryological findings. 

The DiGeorge syndrome does not seem to be 
genetically determined. A familial incidence has 
been reported rarely.14 2! Males are more frequently 
affected than females with a sex ratio of approxi- 
mately 2:1. No teratogenic agent has been 
incriminated so far. 


We wish to thank Dr Richard Van Praagh and Dr 
André Moulaert for their criticism and valuable 
advice. 
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Coronary artery steal via large coronary artery to 
bronchial artery anastomosis successfully treated 


by operation 


M G ST JOHN SUTTON, GA H MILLER, I H KERR, T A TRAILL 


From the Brompton Hospital, Fulham Road, London 


SUMMARY We report a patient with a large coronary artery to bronchial artery anastomosis causing angina 
by coronary steal. Angina was refractory to medical treatment, but successfully relieved by surgical 


ligation of the anastomosis. 


Extracardiac coronary anastomoses are rare and 
have received little attention since the initial necro- 
psy description in 1803.! Since the introduction of 
angiography small anastomoses have been shown 
between the coronary and bronchial arterial 
circulations in normal subjects,? which have little, if 
any, haemodynamic significance. We report a 
patient with a large coronary artery to bronchial 
artery anastomosis and bronchiectasis in whom 
shunting of blood from the coronary circulation 
resulted in angina, that is, a coronary steal syn- 
drome. His angina was refractory to medical 
treatment but was relieved by surgical ligation of 
the anastomosis and resection of the bronchiectatic 
left lower lobe. 


Case history 


A 56-year-old man was admitted for investigation 
of recurrent severe angina pectoris which had been 
present for one year; in addition, there had been 
two episodes of prolonged chest pain occurring at 
rest and associated with sweating. He gave a 
history of spontaneous pneumothorax resulting 
from a ruptured emphysematous bulla, and for 15 
years he had suffered from bronchial asthma which 
was treated with bronchodilators. 

Examination of the cardiovascular system was 
normal. Respiratory excursion was reduced, and 
there was an inspiratory and expiratory wheeze 
over the middle and lower zones on both sides, and 
crackles over the left lower and middle zones. 

Examination of the cardiovascular system was 


normal. Respiratory excursion was reduced, and 
there was an inspiratory and expiratory wheeze 
over the middle and lower zones on both sides, and 
crackles over the left lower and middle zones. 

Electrocardiogram showed sinus rhythm, a 
normal QRS vector, and flat T waves in leads III, 
aVF, and V5-6. During the exercise electrocardio- 
gram, a heart rate of 146 beats per minute was 
attained, but there were no further electrocardio- 
graphic abnormalities. Chest radiograph showed 
displacement of the heart and mediastinum to the 
left, elevation of the left hemidiaphragm, and thin- 
walled ring shadows anteriorly in the left zones 
consistent with emphysematous bullae. 

Pulmonary function tests showed moderately 
severe obstructive airways disease, partially rever- 
sible with bronchodilators. Bronchography showed 
severe bronchiectasis of all the basal segments of 
the left lower lobe. 

Cardiac catheterisation showed no haemodynamic 
abnormalities, but coronary arteriography demon- 
strated a very large and tortuous vessel arising from 
the proximal left circumflex coronary artery (Fig. 1), 
which passed posteriorly over the left atrium into 
the lower part of the left lung where numerous 
small vessels were seen to fill. The remaining left 
coronary artery and the right coronary artery were 
entirely normal. Left ventriculogram showed good 
function except for an area of hypokinesis apico- 
inferiorly. Pulmonary angiogram showed that the 
left lower lobe pulmonary artery did not opacify, 
but the remaining pulmonary vasculature was 
normal, 
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Coronary artery steal via large coronary artery 





Fig. 1 Left coronary arteriogram showing filling of a 
large tortuous anastomotic vessel taking origin from the 
circumflex artery and passing posteriorly to the left lower 
lobe of the lung. The remaining circumflex and anterior 
descending coronary arteries are normal. 


MANAGEMENT 

Before investigation by coronary arteriography the 
patient's angina was treated with glyceryl trinitrate 
initially, but this resulted in intolerable headaches. 
Subsequent treatment with a series of selective 
beta-adrenergic blocking agents resulted in some 
symptomatic benefit, but exacerbation of his 
bronchial asthma to a degree which necessitated 
hospital admission and reduction in dosage. After 
demonstration of the coronary to bronchial artery 
anastomosis without coronary narrowing, it was 
assumed that his angina was the result of a coronary 
steal syndrome. As he continued to have episodes 
of severe chest pain, he was submitted to left 
thoracotomy and ligation of the anastomotic vessel, 
together with excision of a severely bronchiectatic 
left lower lobe. This resulted in complete relief of 
symptoms which have not recurred over a three- 
year follow-up period. 


Discussion 


Anastomoses between the coronary arteries and 
bronchial arteries have been shown at necropsy! 
and at cardiac catheterisation in approximately 25 
per cent of normal subjects.* * These anastomoses 
are small, of little or no haemodynamic importance, 
and have been regarded as congenital in origin. By 
contrast, large anastomoses occur in pulmonary 
atresia,! tetralogy of Fallot,’ supravalvar aortic 
stenosis,* and coronary artery disease, by way of 
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which large quantities of blood may be shunted to 
or from the coronary and bronchial arterial circula- 
tions. Hitherto only one case has been reported in 
which such an anastomosis resulted in symptoms.* 
In this patient paroxysmal atrial fibrillation de- 
veloped because of coronary steal from the sinu- 
atrial artery via an anastomosis which was thought 
to have rendered the sinuatrial node ischaemic." Our 
patient was also symptomatic with severe angina of 
one year duration. 

The reason for these small congenital anastomoses 
becoming functional is not known, but it has been 
suggested* that a pressure difference between the 
coronary and bronchial arterial circulations may 
result in their enlargement and, therefore, their 
becoming haemodynamically important. Support 
for this suggestion is provided indirectly in several 
circumstances. Shunting of blood from the coronary 
to the bronchial arteries, or coronary steal, occurs 
either when coronary artery pressure increases 
relative to bronchial artery pressure as in supravalvar 
aortic stenosis," or when bronchial artery pressure 
decreases relative to coronary artery pressure as in 
pulmonary atresia,* and tetralogy of Fallot.* The 
reduction in bronchial artery pressure in these 
conditions is the result of filling of large capacit- 
ance, low flow, and low pressure pulmonary 
arteries from the bronchial arteries. Shunting of 
blood in the reverse direction, or bronchial steal, 
has been demonstrated in patients with proximal 
stenoses of the coronary arteries’ in whom distal 
coronary artery pressure is reduced compared with 
bronchial artery pressure. In addition, in patients 
with proximal coronary artery stenoses not only is 
the incidence of anastomoses significantly greater 
than normal, but a correlation has been demon- 
strated between the severity of coronary stenosis 
and the size of the anastomoses.’ 

Our patient had bronchiectasis, and in this 
condition anastomoses develop between the bron- 
chial and the pulmonary arteries at the level of the 
third to sixth order bronchi, and also more distally 
in relation to systemic vessel proliferation in the 
walls of bronchiectatic sacs and destroyed lung 
tissue." '® The increased bronchial arterial blood 
flow and large proximal bronchial to pulmonary 
anastomoses permit retrograde filling of the 
pulmonary arteries which would account for the 
failure of the left lower lobe pulmonary artery to 
opacify in our patient’s pulmonary arteriogram. 
This lowering of bronchial arterial pressure relative 
to coronary arterial pressure in our patient may 
have led to the gross enlargement of an originally 
small congenital coronary to bronchial anastomosis. 

Anastomoses between the coronary and bronchial 
arteries have similar morphology regardless of the 
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direction of blood flow." These vessels are tortuous, 
of Jarge calibre, and invariably are between the left 
circumflex coronary artery and the bronchial 
arteries, because the only point of entry to the 
heart is via the pericardial reflection posterior to 
the heart, to which the bronchial arteries are closely 
anatomically related. The only other possible site 
of coronary to bronchial anastomoses is via trans- 
pericardial vascularisation, which only occurs when 
the visceral and parietal pericardium are adherent 
after pericarditis. Coronary arteriography in our 
patient showed just such a large tortuous vessel 
taking origin from the left circumflex artery, 
shunting blood to the bronchial arteries. This 
anastomosis had presumably caused angina by a 
coronary steal which had deprived the inferior 
myocardium of blood and also resulted in the area 
of hypokinesis apico-inferiorly on the left ventriculo- 
gram. 
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Sutton, Miller, Kerr, Traill 
Addendum 


Since describing the above patient with a coronary 
artery to bronchial artery anastomosis we have 
investigated another patient with a similar anatomi- 
cal abnormality. This 44-year-old man was 
admitted for investigation of recurrent praecordial 
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Fig. 2 A large tortuous artery is shown arising from 
the left circumflex coronary artery (a) which passes 
posteriorly (b) to anastomose with bronchial arteries 
which in turn anastomose with the right middle and 
lower lobe pulmonary artery (c). 


Coronary artery steal via large coronary artery 


pain unrelated to exertion. Clinical examination, 
electrocardiogram, and chest radiograph were 
normal. Coronary arteriography performed to 
exclude coronary artery disease as a cause for the 
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chest pain showed a very large tortuous artery 
arising from the left circumflex coronary artery. 
This vessel passed posteriorly into the mediastinum 
where it anastomosed with a leash of small, presum- 
ably bronchial, arteries; these in turn anastomosed 
with branches of the right middle and lower lobe 
pulmonary arteries resulting in opacification of these 
pulmonary arteries after the injection of contrast 
medium into the left coronary artery (Fig. 2 a b c). 
As in the previous patient there was no coronary 
atheroma in either the right or left coronary 
arteries. Because of our previous observation of the 
relation berween coronary artery to bronchial 
artery fistula and bronchiectasis, bilateral broncho- 
grams were performed. These showed moderately 
severe bronchiectatic changes in the right middle 
lobe and the apical segment of the right lower lobe. 
In the absence of a history of angina or severe 
recurrent respiratory symptoms, operation was not 
advised but would be reconsidered should these 
symptoms arise. 


Our thanks are due to Dr M Honey for permission 
to publish details of this case. 
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Rupture of pulmonary artery aneurysm associated 
with persistent ductus arteriosus 


MICHAEL COLEMAN, DAVID SLATER, ROBIN BELL 
From the Departments of Clinical Pharmacology and Histopathology, Hallamshire Hospital, Sheffield, 


and Scunthorpe General Hospital 


SUMMARY Fatal haemopericardium occurred in a 14-year-old boy after rupture of a pulmonary artery 
aneurysm. Persistent ductus arteriosus with severe pulmonary hypertension was confirmed by cardiac 
catheterisation when he was 4 weeks old. Attempted closure of the ductus at 4 years had not been 
possible because of apparent high pulmonary resistance. Exercise tolerance had been good enough to 
permit competitive horse riding up to the day of death. Light and electron microscopy showed widespread. 
cystic medionecrosis of the elastic pulmonary arteries. 


Case report 


This boy was born at term, weighing 3235 g, to a 
27-year-old woman. She had been in contact with 
rubella when two months pregnant. After delivery 
he was noted to be mildly cyanosed with only the 
right upper quadrant of the body being pink. 
During the first day the left upper quadrant also 
became pink. Initially his general condition was 
good but within a week feeding had deteriorated. 
By the age of 10 days there was evidence of heart 
failure in the form of hepatic enlargement and 
dyspnoea, but digitalisation, low-sodium diet, and 
oxygen led to some improvement. At 4 weeks, a 
pansystolic murmur maximal in the second and 
third left intercostal spaces was audible with a 
- diastolic component. Chest x-ray film showed 
cardiomegaly and an electrocardiogram suggested 
right ventricular dominance. Right heart catheteri- 
sation at this time (Table) showed severe pulmonary 
hypertension and biplane cineangiocardiography 
from the pulmonary trunk showed a persistent 
ductus arteriosus, though there was no evidence of 
left-to-right shunt on oximetry (Table). The 
femoral pulses were barely palpable and retrograde 
aortography at 6 weeks suggested the possibility of 
a preductal coarctation, though the proximal to 
distal pressure drop was minimal (Table). Surgical 
intervention at this time was considered too risky. 

During the next four years he had occasional 
chest infections, but after some delay gained weight 
and developed normally. He was able to run and 


Table Cardiac catheter data* 





Blood pressure (mmHg) Oxygen saturation 





at age (%) at age 
4 wk 6 wk 4y 4 wk 4y 
SVC — — — 64 76:0 
HRA — — — 50 645 
MRAt 5/-2 — 2/-4 44 63:0 
LRA — — — 43 61:0 
IVC — — — 38 68-0 
HRV — — — 44 — 
MRV 110/0 — 90/0 54 59:5 
Apex RV — — — 44 64:5 
MPA 110/40 — 90/60 43 79-0 
Aorta: 
proximal — 80/40 90/65 — — 
subclavian — 75/40 — — — 
distal — 75/40 — — 80-5 





SVC, superior vena cava; HRA, high right atrium; MRA, mid- 
right atrium; LRA, low right atrium; IVC, inferior vena cava; 
HRV, high right ventricle; MRV, mid-right ventricle; MPA, 

main pulmonary artery. 

*Performed under sedation and local anaesthesia. No supplementary 
oxygen administered. 

TOnly two atrial wave forms discernible because of tachycardia. 


play with other children and developed only mild 
dyspnoea on moderate exercise, but sometimes 
became cyanosed on crying. At 4 years of age the 
femoral pulses were easily palpable and there was 
no clubbing or cyanosis. There was now clinical 
evidence of cardiomegaly with a displaced apex beat 
and the sternum could be seen to bulge. A basal 
pansystolic murmur (grade 4) was accompanied by 
a thrill and a diastolic murmur (grade 1) was present. 
The second sound in the pulmonary area was loud 
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but normally split; an electrocardiogram showed 
right ventricular hypertrophy. At repeat cardiac 
catheterisation, a catheter was passed from the 
right ventricle to the pulmonary artery and through 
the patent ductus into the descending aorta. 
Pulmonary and systemic pressures were almost equal 
and oximetry provided evidence of bidirectional 
shunting (Table). i 

Although angiocardiography was not repeated, 
the diagnosis. was now considered to be persistent 
ductus arteriosus with severe pulmonary hyper- 
tension, without evidence of coarctation. In view of 
the poor prognosis without surgery an attempt was 
made to close the ductus. At thoracotomy the ductus 
(0-7 cm diameter) was clamped for 20 minutes. 
During this time the aortic pressure fell by 20 
mmHg, the aortic and pulmonary artery pressures 
remained equal at 105 mmHg, and cyanosis 
occurred. Oa release of the clamp the aortic 
pressure rose to 125 mmHg and tissue oxygenation 
improved. These findings were considered consist- 
ent with a state of probably irreversible high 
pulmonary resistance and it was thought un- 
reasonable to divide the ductus. . 

Subsequent development was unremarkable and 
an electrocardiogram and chest x-ray film taken 
when aged 11 is shown in Fig. 1 and Fig. 2a. At 
13 years there was slight cyanosis at rest and 
an early diastolic murmur suggestive of pulmonary 
regurgitation. However, there was no effort in- 
tolerance and during the year before his death he 
won 22 cups for showjumping. On the day of his 
death, aged 14 years 4 months, he won another 
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riding competition without dyspnoea or fatigue, 
but 20 minutes after his last ride he collapsed and 
died. 


NECROPSY 

External examination showed neither clubbing nor 
stigmata of Marfan's syndrome. The pericardial 
cavity was tense and distended with 550 ml fresh 
blood originating from a 4cm linear tear in the 
pulmonary artery (Fig. 2b). The tear started 0-5 cm 
above the pulmonary valve in an area of fusiform 
aneurysmal thinning 8 cm in length and 12 cm at 
its maximal circumference. 

A persistent ductus arteriosus connected the 
main pulmonary artery and the descending aorta 
and measured 0-8 cm in diameter and 1:0cm in 
length before fixation. The right and left ventricles 
were hypertrophied (140 and 310 g, respectively). 
The remainder of the heart and the aorta appeared 
normal, with no coarctation. 

On light microscopy, the tunica media of the 
aneurysm contained numerous pools of acid 
mucopolysaccharide which stained positively with 
alcian blue and metachromatically with toluidine 
blue. There was widespread fragmentation (Fig. 2c) 
and loss of elastic tissue with an increase in collagen 
fibres. Electron microscopy (Fig. 2d) confirmed 
these findings and pronounced vacuolisation of the 
medial smooth muscle cells was observed. Similar 
but less severe changes were seen in the remainder 
of the elastic pulmonary arteries, and in the smaller 
vessels the minimal branching of the-elastic fibres 
suggested a persistence of fetal-type vasculature. 


Fig. 1 Electrocardiogram 

(age 11) shcwing right ventricular 

hypertrophy. Calibration 1 cm = 
* imV except V4 and V5 when 

1cm =2mV. 
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d, site of rupture; e, right ventricle. 

Fig.2c Pulmonary artery adjacent to rupture showing widespread fragmentation of the medial elastic fibres. 
/ Elastic-van Giesson » 60.) 

Fig. 2d Pulmonary artery adjacent to rupture. ( Transmission electron micrograph ~ 7500.) 

a, fibroblast ; b, elastic tissue; c, mucopolysaccharide ; d, collagen ; e, cytoplasmic vacuole. 
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The elastic pulmonary arteries showed focal 
intimal thickening but lipid was not demonstrated 
and there was no evidence of atheroma, syphilis, 
or infection. The muscular pulmonary arteries 
showed changes of severe pulmonary hypertension 
with severe medial hypertrophy, intimal thickening, 
and the development of longitudinal muscle bundles 
internal and external to the elastic lamina. Plexi- 
form and angiomatoid lesions were not identified 
but many vessels were dilated and plentiful 
haemosiderin-laden macrophages were present 
within the alveoli. 

The aorta was histologically normal. 


Discussion 


Aneurysm of the pulmonary artery trunk or its 
branches is uncommon. Boyd and McGavack! 
have shown that a cardiac malformation with 
pulmonary hypertension is an aetiological factor in 
40 per cent of such cases. Persistent ductus arterio- 
sus is the commonest single lesion, occurring with 
20 per cent of pulmonary aneurysms. The associa- 
tion of pulmonary hypertension with persistent 
ductus arteriosus is well recognised and not 
uncommonly mild dilatation of the pulmonary 
artery is observed. However, true aneurysm occurs 
in only 15 per cent, and a direct causative association 
with pulmonary hypertension is not always demon- 
strable. Other factors such as atheroma, endocarditis, 
tuberculosis, and syphilis contribute to the produc- 
tion of aneurysm in this condition. 

In the patient described here, cystic medio- 
necrosis was the main pathological change in the 
aneurysm and it is probable that this was a direct 
consequence of the extremely high pulmonary 
artery pressure.? The presence of fetal-type 
pulmonary vessels, the absence of a significant left- 
to-right shunt, and the small size of the ductus 
offer support for the theory (discussed by Whitaker 
et al.?) that one cause of severe pulmonary hyper- 
tension associated with persistent ductus arteriosus 
may be a primary persistence of fetal pulmonary 
vasculature, rather than simply a consequence of 
increased pulmonary blood flow. 

A predominantly systolic murmur is not an 
uncommon finding in persistent ductus arteriosus 
when pulmonary hypertension is present,? and the 
intensity of the murmur in this patient possibly 
reflected the narrowness of the ductus. An unusual 
clinical feature was the lack of effort intolerance, 
and the absence of haemoptysis, despite the severity 
of the pulmonary hypertension. 

Pulmonary artery aneurysms, especially of 
infective aetiology, may rupture into a bronchus or 
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the pericardium. However, fatal rupture of an 
aneurysm associated with pure persistent ductus 
arteriosus is exceedingly rare and only six cases 
have been reported. Those described by Durno and 
Langdon Brown, and by Moench (cited in Lindert 
and Correll*) were associated with atheroma of the 
pulmonary artery and probable pulmonary hyper- 
tension; those reported by Hartwell and Tilden, 
and by d’Aunoy and van Haam (cited in Lindert 
and Correll*) were secondary to endocarditis and 
syphilis, respectively. Whether the cases published 
by Yuskis (cited in Lindert and Correll‘) and by 
Lindert and Correll^ themselves were associated 
with pulmonary hypertension is unknown and 
histological study of the aneurysm was not per- 
formed. With the exception of the syphilitic case 
described by d'Aunoy and van Haam the ductus 
was always greater than 1 cm and the appearance, 
position, and size of the pulmonary aneurysm were 
variable. 

Two cases are on record of patients with persistent 
ductus arteriosus and pulmonary hypertension 
dying from a ruptured pulmonary artery aneurysm 
secondary to cystic medionecrosis. One had co- 
existent cor biatriatum triloculare and aortic 
hypoplasia, and the other had mitral stenosis and 
cystic medionecrosis of the aorta.? 

Ruptured pulmonary artery aneurysm associated 
with persistent ductus arteriosus and presenting as 
massive haemoptysis has, in one instance, been 
treated successfully by operation (de Camp, in 
Holman er al.*). It is therefore important that this 
complication should be considered in any patient 
with persistent ductus and pulmonary hypertension, 
especially if there are clinical features of pulmonary 
regurgitation. 


We are grateful to Dr David Verel, consultant 
cardiologist, Sheffield Cardio-Thoracic Unit, 
Northern General Hospital, and to Dr H Pilling, 
HM Coroner for South Yorkshire, for kind per- 
mission to report this case. We also thank Professor 
M J Davies (St George's Hospital) and Dr P Carson 
(City General Hospital, Stoke-on-Trent) for helpful 
comments on this case. 
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Extreme right ventricular hypoplasia after relief of 


severe pulmonary stenosis 


Use of balloon catheter occlusion of atrial septal defect 
in assessing right ventricular function 


L COTTER, C D PUSEY, G A H MILLER 
From Cardiac Department, Brompton Hospital, Fulham Road, London 


SUMMARY AQ patient is described in whom extreme right ventricular hypoplasia and right-to-left 
shunting through an atrial septal defect occurred after relief of severe pulmonary stenosis. The ability 
of the hypoplastic right ventricle to deal with an increased volume load was assessed at cardiac 
catheterisation by occluding the atrial septal defect with a balloon tipped catheter. 


Right-to-left interatrial shunting in the presence of 
normal right ventricular pressure is an unusual 
finding which has been described in rare congenital 
anomalies such as UhI's syndrome and isolated right 
ventricular hypoplasia! ? and rarely after complete 
relief of pulmonary valve stenosis.? 4 The shunting 
in these circumstances is attributed to an increased 
resistance to right ventricular filling. We describe a 
case with right-to-left interatrial shunting with 
normal right ventricular pressure and right ventri- 
cular hypoplasia after pulmonary valvotomy for 
pulmonary stenosis, in whom a balloon catheter was 
used to occlude the interatrial communication at 
cardiac catheterisation. This allowed assessment of 
the adequacy of the hypoplastic right ventricle to 
deal with an increased workload. Subsequent closure 
of a secundum atrial septal defect resulted in relief 
of the patient's cyanosis and effort intolerance. 


Case report 


A 26-year-old student presented with cyanosis and 
worsening effort intolerance. He had been cyanosed 
from birth and cardiac catheterisation at the age of 
14 years had shown severe pulmonary stenosis with 
right-to-left shunting at atrial level. The right 
ventricular pressure was said to have been 280 
mmHg. A pulmonary valvotomy was performed at 
that time giving some relief of symptoms for about 
a year, after which they recurred. On examination 
he was a well-developed man with grade IV 
cyanosis and clubbing of the fingers and toes. The 
pulse was 96 a minute, regular, and of normal 


volume and character. 'T'he venous pulsation showed 
a prominent “a” wave, blood pressure 140/80 
mmHg. There was no parasternal heave, the apex 
was impalpable. The first heart sound was normal, 
the second widely and fixedly split. There was a 
grade 1/6 soft mid-systolic murmur at the upper 
left sternal edge. There were no other abnormal 
physical signs. The haemoglobin was 22 g. Electro- 
cardiograms showed sinus rhythm, with evidence 
of right atrial hypertrophy and high left ventricular 
voltage (R —31 mm in V5, S —23 mm in V1) with 
ST and T wave changes in leads V3 to V6. A 
chest x-ray film showed moderate cardiac enlarge- 
ment with normal lung fields. At cardiac catheterisa- 
tion a 14 mmHg right atrial “a” wave and a right 
ventricular pressure of 24/0 to 12 mmHg were 
shown with no significant gradient across the 
pulmonary valve. There was right-to-left shunting 
at atrial level, resulting in a systemic arterial 
saturation of 82 per cent, the ratio of systemic to 
pulmonary blood flows being 1:7:1. The inter- 
atrial defect was occluded by inflating a no. 7 
balloon catheter in the left atrium and pulling it 
against the septum. This manoeuvre eliminated 
shunting and allowed the arterial oxygen saturation 
to reach 97 per cent with obvious relief of the 
cyanosis. This occlusion was maintained for 20 
minutes with no adverse haemodynamic changes or 
conduction disturbances. A right ventricular angio- 
gram indicated a small, thick-walled, poorly 
contracting right ventricle. 

At operation (Mr C Lincoln) on cardiopulmonary 
bypass, a secundum atrial septal defect measuring 
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1xlcm was closed by direct suture through a 
right atrial approach. The postoperative course was 
uneventful and the patient’s symptoms were 
relieved. Repeat cardiac catheterisation showed 
normal haemodynamics at rest and on exercise, 
.apart from a 15 mmHg right atrial “a” wave and a 
10 mmHg gradient across the pulmonary valve; 
there was no evidence of intracardiac shunting. An 
electrocardiogram a month after the operation 
showed a decrease in P wave amplitude in lead II 
from 4 to 2 mm, with ST-T wave changes attribut- 
able to the pericardiotomy. He has remained well 
at follow-up to date, with a haemoglobin of 13 g, 
apart from one episode of supraventricular tachy- 
cardia which responded rapidly to carotid sinus 
massage. 


Discussion 


Pulmonary valvotomy is usually performed early in 
severe pulmonary stenosis, particularly if compli- 
cations such as right ventricular failure have 
occurred. If it is performed before overt right 
ventricular failure, postoperatively right ventricular 
function may be normal, while if operation is 
delayed myocardial fibrosis and right ventricular 
systolic or diastolic dysfunction is likely. This 
continued right ventricular dysfunction post- 
operatively is probably multifactorial. Preoperative 
factors causing right ventricular dysfunction include 
poor coronary blood flow caused by extreme 
ventricular hypertrophy relative to the amount of 
coronary capillary circulation, the fixed size of the 
coronary ostia, the extremely high pressures in the 
right ventricular wall preventing any coronary 
blood flow’ during systole, and the decreased 
pressure gradient across the coronary bed produced 
by an increase in the right atrial pressure and right 
ventricular diastolic pressure?; operative factors 
particularly the efficacy of myocardial protection 
and in addition whether or not a ventriculotomy is 
performed are also important.?® If diastolic 
dysfunction is predominant, there may be continued 
“indistensibility” of the right ventricle because of 
poor compliance leading to a high right ventricular 
filling pressure.? 4 In the presence of an interatrial 
communication, either a patent foramen ovale or 
an atrial septal defect, the high right ventricular 
filling pressure, if it exceeds the left ventricular 
filling pressure, will cause right-to-left shunting at 
atrial level, regardless of the relative ventricular 
systolic pressures, with consequent arterial de- 
saturation and, maybe, clinical cyanosis. 
Right-to-left shunting at atrial level is not rare in 
severe pulmonary stenosis)! and is a cause of 
cyanosis in this condition. It is almost invariably 
relieved after pulmonary valvotomy when the right 
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ventricular filling pressure falls.!* Continued right- 
to-left shunting after pulmonary valve surgery is, 
however, rare.? 4 Its incidence varies but Oakley et 
al.? described it in six cases out of their series of 56 
pulmonary valvotomies. When it occurs re- 
operation is recommended to close the interatrial 
shunt, whether a valve patent foramen ovale or an 
atrial septal defect, to avoid the possibility of 
paradoxical emboli and to avoid the sequelae of 
polycythaemia. The results of closing such a defect 
however, are not always predictable, as the right 
ventricle may not be able to cope with the increased 
workload, particularly if there is a degree of right 
ventricular hypoplasia, and right ventricular failure 
may result.}* 

Although right ventricular dysfunction is well 
recognised after relief of long-standing pulmonary 
stenosis, frank right ventricular hypoplasia which 
can also occur is very unusual and less well de- 
Scribed.?7* When it is present it may be helped 
by the volume loading which occurs if pulmonary 
regurgitation is caused at pulmonary valvotomy.** 

'The use of balloon tipped catheters to close inter- 
atrial communications has been advocated in 
patients with isolated right ventricular hypoplasia 
in order to assess the possible effects on the right 
ventricle of surgical closure of the defects.! ? As far 
as we know, this is the first case of interatrial 
shunting after pulmonary valvotomy where this 
manoeuvre has been used to advantage in showing 
that, though the right ventricle was relatively 
hypoplastic, it could, nevertheless, cope with the 
increased workload. 


We are grateful to Mr Christopher Lincoln for 
permission to report this case. 
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International Symposium on Nuclear 
Cardiology 
This will take place on 6 to 10 September 1981 in 
Tel Aviv, Israel. 

For further information write to: The Secretariat, 
POB 29784, Tel Aviv, Israel. 


B 


International symposium of ultrasound in 
cardiology 

This symposium will take ‘place on 27 to 28 February 
1981 in Madrid, Spain, at the Centro Especial 
Ramon y Cajal. It is organised by the echocardio- 
graphy section of the Spanish Society of Cardiology. 

Deadline for submitting abstracts, 30 November 
1980. 

Further information can be obtained from: 
International Symposium of Ultrasound in Cardio- 
logy, Secretariat: Central de Congresos, SA, 
Av General Peron 26, Madrid-20, Spain. 


Current concepts in echocardiography 
A four-day course of lectures and practical tutorials 
will be held from 7 to 10 April 1981 at St George’s 
Hospital Medical School, University of London. 
The emphasis will be on the relative merits of 
M-mode and two-dimensional recordings in adult 
cardiology and on Doppler techniques. 

Details from: The Postgraduate Secretary, St 
George’s Hospital Medical School, Cranmer Ter- 
race, London SW17 ORE. 


Clinical recognition and management of heart 
: disease 1981 


'This annual postgraduate education course, the 
24th Annual Scientific Session of the American 
Heart Association, Arizona Affiliate will be held on 
21 to 24 January 1981 at the University of Arizona 
Health Sciences Center. Registration information 
can be obtained from the Registrars Office of the 
American College of Physicians. 


International symposium on coronary artery 
disease today: diagnosis, surgery, and 
prognosis 

This symposium will be held in Utrecht, the 
Netherlands, from 25 to 27 May 1981. The sym- 
posium is sponsored by the pueros Heart 
Foundation. 

Further information and registration forms may 
be obtained from Dr Gerard van Herpen, St 
Antonius Hospital, 2 Jan van Scorelstraat, 3585 CP 
Utrecht, the Netherlands. Tel: 030-527111, ext. 
2500. 


Recent developments in cardiovascular drugs 
This fourth British Heart Foundation European 
Symposium will be held at Imperial College, 
London, from 22 to 24 July 1981. 

For further information apply to: Conference 
Services, 3 Bute Street, London SW7. Tel: 01-584 
4226. Telex: 916054 JOYBRI. 
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Adaptation of hypertensives to treatment with 
cardioselective and non-selective beta-blockers 


Absence of correlation between bradycardia and 
blood pressure control, and reduction in slope of 


the OT/RR relation 


E M VAUGHAN WILLIAMS, M O HASSAN, J S FLORAS,* P SLEIGHT, 
J V JONES 


From the University Department of Pharmacology, and the Department of Cardiovascular Medicine, 
John Radcliffe Hospital, Headington, Oxford 


SUMMARY Thirty mild hypertensives were treated for more than two months with either cardioselective 
(atenolol or metoprolol) or non-selective (propranolol or pindolol) beta-blockers; the patients were 
assigned to the drugs in a double-blind manner. A procedure was designed to distinguish between the 
effects of the drugs themselves while treatment continued, and the development of adaptive changes 
which would persist when the drugs had been eliminated from the body. Though individual responses 
to treatment varied in both groups, the mean effect of the cardioselective and non-selective drugs in the 
control of hypertension was similar. There was no evidence of the development of supersensitivity or 
“rebound”. On the contrary, an adaptive bradycardia (that is a fall of not less than 10% in heart rate 
persisting 52 hours after stopping treatment) was observed at rest in 17/30 patients, and peak heart 
rates and blood pressures during exercise were lower in both groups than before treatment. Cardio- 
selective drugs induced a significantly greater bradycardia at rest than non-selective, but on exercise 
increases in heart rate were reduced more by the non-selective drugs, so that the same peak heart 
rates were reached on exercise in both groups. Adaptation also affected QT. The results suggest that 
two factors govern the shortening of QT by increases in heart rate, a “metabolic” effect, determined by 
sympathetic drive, and a “biophysical” effect determined by heart rate. The adrenergic effect is attenu- 
ated by acute beta-blockade, or by adaptation to prolonged blockade, leaving a shallow, rate-determined, 
slope to the QT/RR regression. 


'The efficacy of beta-receptor blocking drugs in the 
treatment of hypertension was discovered more than 
15 years ago. ? After an initial period of doubt,? 
beta-blockade became accepted as a major thera- 
peutic procedure,‘ 5 yet there is no universal agree- 
ment concerning its mechanism of action. There is 
abundant evidence, however, that the effect is a 
consequence (though often delayed) of the blockade 
of beta,;-receptors since cardioselective com- 
pounds? " reduce blood pressure. Though cardiac 
output usually falls initially, and peripheral re- 
sistance increases, it hás been found that after 
* Rhodes Sct olar. 
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prolonged treatment the cardiac output may return 
to normal levels in spite of a persistent lowering of 
blood pressure, indicating a reduction of peripheral 
resistance:*-1! Thus beta-adrenoceptor blockade 
must be responsible for some hypotensive action 
apart from a reduction of cardiac output, even 
though, in some other studies, it was found that 
cardiac output did remain moderately sub- 
normal.” 14 

It was suggested that the fact that beta-blockers 
reduce or prevent adrenergically-stimulated release 
of renin might be responsible for their hypotensive 
action, yet later studies failed to show any con- 
sistent relation between levels of plasma renin 
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activity and the efficacy of beta-blockers in hyper- 
tension.14-1$ 

Another hypothesis advanced to explain the effect 
of beta-blockers in hypertension was that they may 
have a direct acute action on the central nervous 
system!? causing a reduction in the outflow of 
sympathetic impulses by blocking beta-receptors 
in the brain. The effect was not observed with 
practolol, however, which does not substantially 
cross the blood-brain barrier, yet practolol is 
effective in hypertension. 

The pharmacological analysis of the mode of 
action of drugs in animals is usually based upon the 
results of acute experiments. In man, beta-blockers 
are administered for weeks, months, or years. 
Moreover, the optimal beneficial effect of beta- 
blockers in hypertension is not usually immediately 
apparent. Prichard and Gillam?? stated: “In the 
moderate and severe hypertensive treated with oral 
propranolol, though there is immediate full cardiac 
slowing, the full hypotensive effect is often delayed 
up to one or two months". Furthermore, in many 
patients bradycardia persists for some days after 
treatment has been stopped, and the hypotensive 
effect may persist even longer. Zacharias and 
Cowen,‘ in their study of propranolol in hyper- 
tension, expressed the opinion: “That a second 
factor is involved is suggested by the fact that even 
when patients have been off propranolol for 16 
weeks their mean blood pressure did not rise to 
untreated levels". 

It seemed logical, therefore, to study the effects 
of beta-blockers in animals which had been treated 
for prolonged periods. In order to distinguish a 
secondary adaptation to the drug from its acute 
effects, treated animals were killed at least 24 hours 
after the last dose, when the drug would have been 
eliminated from the body, and their hearts were 
then removed for electrophysiological and other 
investigations. The results of several such studies, 
initiated in 1972, indicated that prolonged beta- 
blockade produced several adaptive changes,? the 
most prominent of which were a large prolongation 
of action potential duration,?? and an increase in the 
vascularity of the myocardium.?? The experiments 
were carried out in rabbits, and it was naturally of 
interest to discover what, if any, adaptive responses 
occurred after prolonged beta-blockade in man. 
Though there have been numerous studies of the 
effects of long-term blockade, these have usually 
been carried out while the treatment con- 
tinued.9 91224 In order to distinguish adaptive 
changes from the direct effects of the drugs, how- 
ever, it is necessary to interrupt the treatment for a 
sufficient time to permit elimination of the com- 
pounds from the body before measurements are made. 
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This paper reports the éffects of treatment with 
four beta-blockers (two cardioselective, two non- 
selective) in 30 mildly hypertensive patients. The 
main findings were that adaptive changes did occur, 
and that a clear distinction could be made between 
the effects of the cardioselective and non-selective 
agents. There was no correlation between the 
persistent bradycardia, when it occurred, and the 
hypotensive response. Furthermore, after acute 
intravenous blockade at any time, or after adaptation 
to blockade but in the absence of the drug, the slope 
of the regression relating the QT to the RR interval 
was reduced, especially during exercise. 


Methods 


SELECTION OF PATIENTS 

Forty-seven untreated patients, referred for assess- 
ment of possible hypertension, agreed to participate 
in the study. Cuff blood pressure readings of 
140/90 mmHg or more had been recorded on at 
least three occasions, either by their general 
practitioners or in the hospital outpatient clinic. 
Intra-arterial pressure was recorded for 24 hours,?5 
and after computer analysis 17 of the patients were 
found to have pressures of less than 140/90 mmHg 
for 70 per cent or more of the working day, and were 
classified as normotensives. The remaining 30 
patients (19 male, 11 female) were also included in a 
larger trial of the relative efficacy of various beta- 
blockers in hypertension, and were assigned in a 
double-blind manner to receive orally one of four 
beta-blockers, long-acting propranolol,’ pindolol,? 
atenolol,’ and metoprolol.? They were instructed to 
take their medication each morning, but to refrain 
from doing so on days 7 and 8, and on days 28 and 29 
of the trial. The initial dosage was 160 mg of long- 
acting propranolol, 15 mg pindolol, 100 mg atenolol, 
or 200 mg metoprolol. On the 16th day blood 
pressure was measured in the clinic, and dosage 
was adjusted (decreased in two, increased in 14). 
Blood pressure was again measured in the clinic on 
the 42nd and 70th days. 

The mean age of the patients was 44-8 years (range 
16 to 69, SD 13-4). The nature of the trial was ex- 
explained to them and written consent to their 
participation obtained. Their responses to exercise 
before and after administration of an intravenous 
injection of their assigned beta-blocker were 
measured on days 1, 8, and 29, in accordance with 
the following procedure. 


PROCEDURE 

Systolic and diastolic blood pressures were measured 
with a sphygmomanometer, and an electrocardio- 
gram was recorded (lead II, Hewlett-Packard 
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1511A, 50 mm/s) while the patient rested in a seated 
position. The electrocardiogram was monitored 
continuously and records were obtained after three 
minutes of treadmill (Avionics E15) exercise at 
2:9 kph and 10 per cent incline (exercise 1), and 
after three minutes at 4:0 kph at 12 per cent incline 
(exercise 2). Systolic and diastolic blood pressure 
were again measured after the peak of exercise 2 
(at a standard time, 40 to 50 s after exercise). 

The patients then rested for a few minutes seated, 

and were given, by intravenous injection, either 

propranolol 1 mg (in I ml over 2 min), pindolol 
0-4 mg (in 2 ml over 2 min), atenolol 5 mg (in 10 ml 
over 5 min), metoprolol 10 mg (in 10 ml over 5 min), 
the drug selected being the same as that with which 
they were being treated. 

After a further 10 to 15 minutes the electro- 
cardiogram and blood pressure were recorded at 
rest, and after two periods of exercise as described 
above. 

The patients were submitted to this procedure 
on day 1, before the start of treatment; on day 8, 52 
hours after their most recent oral dose (taken on 
day 6); and on day 29, again 52 hours after their most 
recent dose, taken on day 27. All patients completed 
the: procedure. One patient complained of breath- 
lessness during the 6th minute on one occasion; 
another complained of leg pain on one occasion. 


TREATMENT OF DATA 
Before the code was broken, measurements of three 
QT and RR intervals at each of the six stages of the 
‘procedure (rest; exercise 1; exercise 2; and after the 
intravenous beta-blocker, rest; exercise 1 and 
exercise 2) were made by two observers inde- 
. pendently, and averaged. The QT interval was 
defined as the distance between the beginning of 
the Q wave and the point at which a tangent to the 
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descending limb of the T' wave crossed the baseline. 
The RR interval was measured from the peaks of 
the R waves. There was no interobserver variation. 
All measurements of blood pressure were made, and 
all injections administered, by one of us (MOH). 

Sixty-six observations were obtained from each 
patient. In view of the small number of patients on 
each drug, interest was concentrated upon detecting 
any differences in responses to the selective (ate- 
nolol, metoprolol) and non-selective (propranolol, 
pindolol) beta-blockers, and particular attention 
was paid to comparisons between the groups re- 
ceiving these drugs. All the raw data were entered 
on tape, and analysed by various specially-made 
programs with an HP 9830 computer. Responses 
to individual drugs, and to all drugs, were calcu- 
lated and compared. Linear and polynomial re- 
gressions were computed. The main points of 
interest have been extracted and are presented here. 
'The significance of differences between groups was 
calculated by Student's t test, and of differences 
within patients by a paired t test. 


Results 


(1) CONTROL OF BLOOD PRESSURE AT REST 
'The systolic and diastolic pressures measured in- 
itially, and on the 16th, 42nd, and 70th days of the 
trial, are presented in Table 1. These measurements 
were made while the patients were still taking the 
drug, a few hours after their daily dose. By good 
fortune the groups selected at random for treatment 
with the non-selective and cardioselective drugs 
were extremely well matched, with identical initial 
mean systolic and diastolic blood pressures. Control 
of blood pressure was satisfactory in both groups, 
the onset of control appearing a little earlier in the ' 
patients in the cardioselective group. The hypo- 





Table 1 Control of blood pressure 

Daeyl ` Day 16 

Mean x SE: Percentage p value 
change x SE 


(A) Patients treated with propranolol or pindolol (non-selective) 9M, 5F 


Systolic blood pressure 


173-0 48-65 -8:3 47-2 0:27 
Diastolic blood pressure 
109-7 33:63 -49 42-4 0-058 


(B) Patients treated with atenolol or metoprolol (cardioselective) 10 M, 6 F 


Systolic blood pressure 


172:0 £65 -9:9 43:2 0:008 
Diastolic blood pressure 
109-8 313-6 —13:9 13:3 0-0009 


Day 42 Day 70 

Percentage p value Percentage p value 
change +SE change +SE 

-19 43-3 0-036 -13:2 x40 0:007 
-106 12-6 0-0017 -162 +27 0:00006 
14-4 x22: 0-00004 —18:4 23:0 0-00003 
164 +33 0-0002 -21:0 2:4 1075 





NB—-Statistical significances were calculated by a paired t test. Measurements in column 1 have been given in mmHg (1 mmHg —0:133 
kPa). 
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tensive effect appeared to be slightly larger with the 
cardioselective drugs, but the differences in re- 
duction of mean systolic (-13-2 versus -18-4%) 
and of mean diastolic pressure (-16-2 versus 
—21:095) were not, in fact, statistically significant 
(p 0:31 and 0-2, respectively). Thus, so far as the 
mean control of blood pressure was concerned there 
was little to choose between selective and non- 
selective drugs. There were, however, as might be 
expected from previous reports, some patients in 
each group whose response to treatment was minor. 
If an arbitrary criterion of a fall of less than 10 
mmHg systolic and 5 mmHg diastolic is taken as 
constituting a minor response, then the incidence of 
minor responses was, for systolic pressures, for 
propranolol 2/7, and for pindolol 3/7; for atenolol 
1/7, and for metoprolol 1/9. Only one patient (on 
metoprolol) had a fall of diastolic pressure of less 
than 5 mmHg. 


(2) ADAPTATION OF BLOOD PRESSURE 
DURING TREATMENT, AT REST, AND ON 
EXERCISE 

Measurements were made initially before the start 


Table 2 Adaptation of blood pressure at rest and 
during exercise (52 hours after last dose) 





Percentage change in 


Percentage change in blood pressure 
resting blood pressure 


(from rest) during second exercise 





Day 8 Day 29 Dayi Day 8 Day 29 
(A) Non-selective beta-blockers 
Systolic 
Mean -—T8 —89 -+159 +62 +44 
SE 62 62 32 26 21 
Difference 
from —9-7 —115 
day 1 
p value 02 0-17 0-012 0-0005 
Diastolic 
Mean -24 —50 T22. —0-7 —5:8 
SE 3:6 3:03 1:3 14 21 
Difference 
from —2:9 —8-0 
day 1 
p value 0:47 0-86 0-19 0-009 
(B) Cardioselective drugs 
Systolic 
Mean ~~ 93 —10-1 9:8 5:6 +61 
SE 5:6 TS 25 22 2:6 
Difference 
from —42 -37 
day 1 
p value 0-019 0-016 0-18 0-22 
Diastolic 
Mean -54 —5: —0:9 —27 -13 
SE 23 43 23 15 20 
Difference 
from —1:8 —0-4 
day 1 
p value 0-09 


0-15 05 0:9 
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of treatment (day 1) and, 52 hours after the most 
recent medication, on days 8 and 29. The results are 
presented in Table 2, and indicate a small difference 
in the effects of the non-selective and cardio- 
selective drugs. The first two columns indicate that, 
with both groups of drugs, neither systolic nor 
diastolic pressures at rest returned to initial levels 
52 hours after the last dose of drug, even after only 
one week's treatment, though the only statistically 
significant fall was of the systolic pressure in the 
cardioselective group. During exercise, however, 
there was a clear distinction between the groups.. 
The rise in systolic pressure during exercise was 
significantly less pronounced on day 8 and day 29 
in the non-selective group, but was not significantly 
altered in the cardioselective group. (As already 
mentioned the absolute levels reached during 
exercise were lower in both groups than before 
treatment.) There was hardly any change in diastolic 
pressure in either group during exercise on day 1 
but on day 29 in the non-selective group diastolic 
pressure fell, but was still unchanged in the cardio- 
selective group. 


(3) ADAPTIVE CHANGES IN HEART RATE 
There was a striking and highly significant difference 
in the adaptation of heart rate to treatment with non- 
selective and cardioselective drugs, presented in 
Table 3. With the non-selective drugs, 52 hours after 
the last dose, there was only a small number of 
patients with persistent bradycardia at rest, not 
statistically significant for the group as a whole. 
During exercise, however, in spite of the fact that no 
drug could have remained in the body (since both 
propranolol and pindolol have short metabolic 
half lives) there was a remarkable reduction of the 
heart rate increases in response to exercise, at both 
levels of effort. 

In contrast, in the cardioselective group, there 
was a pronounced and statistically significant 
bradycardia at rest. On exercise, however, the 
increases in heart rate when expressed as a per- 
centage increase from the resting heart rate were 
just as large as they were initially, a fact that con- 
firms, incidentally, that no drug could still be 
present after 52 hours, even though the half life of 
atenolol is longer than that of the other drugs.?* 
(The mean increases in heart rate during the second 

exercise in the seven patients on atenolol were 
--44-695 on day 8 and +473% on day 29, as 
compared with +49% on day 1). 

Thus the interesting result was obtained that the 
actual heart rates during exercise in the two groups 
were not significantly different from each other 
after treatment, though in both groups the peak 
rates reached were lower than those obseryed before 
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treatment was started. In the cardioselective group, 
the heart rates were lower at rest, but increased on 
exercise (to a mean during exercise 2, day 29, of 
107-9 +5:6 beats/min, in comparison with 129-3 
before treatment) whereas in the non-selective 
group the resting heart rates were not significantly 
lowered, but rose less on exercise (to a mean during 
exercise 2, day 29, of 105:6 +41, in comparison 
with 123-2 before treatment). 


(4) ADAPTATION OF BLOOD PRESSURE AND 
HEART RATE TO ACUTE INTRAVENOUS 
BLOCKADE 
Blood pressure 
The immediate response to acute beta-blockade has 
often been reported to be a fall in cardiac output 
with increased peripheral resistance, resulting in no 
change in blood pressure. Column 1 of Table 4A 
and B, confirms the absence of significant blood 
pressure change, and indicates that there is no dif- 
ference between the non-selective and cardio- 
selective compounds in this respect. Table 4 also in- 
dicates that there is virtually no change in sensitivity 
to the effects of acute blockade on blood pressure, 
“either at rest or during exercise. The only significant 
blood pressure statistic in the whole table is a slightly 
larger fall in systolic pressure at rest in response to 
intravenous beta-blockade in the non-selective 
group. The table indicates no developing super- 
sensitivity (or decreased sensitivity) to acute 
blockade, in respect of systolic and diastolic blood 
pressure. 


Heart rate 

An acute injection of propranolol on day 1 did not 
reduce heart rate at rest, but lowered the increase in 
heart rate in response to exercise 2 from +45:3 to 
+33:3 per cent. There was no significance adaptive 
change during treatment in sensitivity to acute 
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intravenous administration of propranolol at rest 
or during exercise, which is in contrast to the finding 
of Brundin et al.?” A similar result was obtained for 
the non-selective group as a whole. 

Acute injection of the cardioselective drugs, 
however, did cause an immediate bradycardia at 
rest, and this result was significantly different from 
that of the non-selective compounds. This brady- 
cardic response was not significantly less on day 29. 
On exercise 2 acute blockade reduced the increase 
in heart rate from + 46-1 to 4-24-8 per cent on day 1, 
and from +49-3 to +38-4 per cent on day 29, again 
showing an absence of adaptation. 

Thus, even if prolonged beta-blockade increases 
the number of beta-receptors, such an increase does 
not appear to produce, at least at the doses em- . 
ployed in this study, any functional adaptation to 
the effects of an acute injection of beta-blocker, 
selective or non-selective, either on heart rate or 
blood pressure. 


(5) EFFECTS ON QT INTERVAL 

(A) Initial QT/RR relation 

Prolonged treatment of rabbits with beta-blockers at 
clinical dose levels causes a lengthening of action 
potential duration, independently of heart rate, in 
both young?? and adult animals.?? It seemed pos- 
sible, if a similar adaptive response were to occur 
in man, that it might be detected as a prolongation 
of QT interval. Raine and Pickering*4 reported that 
QT at rest was significantly longer in patients on 
long-term beta-blockade (with various drugs) than 
in matched controls, and that QT shortened less in 
these patients during exercise than in controls. 
There was, however, no record of the pretreatment 
QT intervals of the patients treated with beta- 
blockers, and since measurements were recorded 
while the subjects were still on medication there was 
no way of distinguishing the effects of the beta- 


Table 3 Adaptation of heart rate at rest and during exercise (measured 52 hours after last dose) 





Percentage change in resting 


heart rate first exercise 
Day 8 Day 29 Day 1 Day 8 
(A) Non-selective drugs 
Mean —41 —3:3 +33-8 +235 
SE 34 41 43 3-9 
Difference 
2 . from day 1 -—102 
p value 0:29 0-29 0-009 
(B) Cardioselective drugs 
Mean —9:9 —163 -F28:4 +28°6 
SE 42 33 3:6 49 
Difference 
from day 1 + 02 
p value 0-007 0-00004 0:97 


Percentage change in heart rate during 


Percentage change in heart rate during 
second exercise 


Day 29 Day 1 Day 8 Day 29 
211 +43-7 35:4 -H28:2 
28 49 53 42 
Difference 
—121 from day 1 — 83 —15:4 
0-004 0-097 0-0005 
+30+1 +461 +446 +49-3 
53 45 6:4 6:9 
Difference 
TL from day 1 — 16 + 32 
0-77 . 077 0-61 
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Table 4 Adaptation of blood pressure and heart rate to acute beta-blockade (1v) 





Percentage change in pressure at rest 


Percentage change in pressure during exercise 








Day 1 Day 8 Day 29 Day 1 Day 8 Day 29 

(A) Non-selective group 

Systolic 

Mean —31 —5:1 — 7 +10-1 49:4 +122 

SE 15 15 13 2:2 2:4 23 

Difference from day 1 —2:0 -55 —0-7 + 21 

p value 0-23 0-03 0-85 0-41 

Diastolic 

Mean +26 4-0-8 —3:6 + 10 —2:0 — 01 

SE 25 L4 24 1:9 l4 2:0 

Difference from day 1 —-17 -62 —3-0 -1011 

p value 0:53 015 0:12 0-6 

(B) Cardioselective group 

Systolic 

Mean —38 —5:0 —43 + 82 +45 + 48 
. SE 22 2-0 24 2:4 22 25 

Difference from day 1 —r2 —05 —37 — 33 

p value 05 078 011 0-24 

Diastolic 

Mean +18 —03 0-00 -—- 13 —33 — 21 

SE 27 19 20 20 28 

Difference from day 1 —22 1 —19 — 08 

p value 0-49 0-38 0-8 


(C) Heart rate 


Adaptation to acute intravenous beta-blockade (52 hours after last dose) 


Percentage change in heart rate at rest 





Percentage change in heart rate on exercise 








Day 1 Day 29 p value Day 1 Day 29 p value 

Propranolol alone 0-0 23:3 —T 8442 0:18 -+33-3 241 4-35-8 +60 0:63 
Propranolol + pindolol —40 425 —46 425 0-88 32:4 32:5 -F29-1 +37 0-41 
Atenolol + metoprolol —13:0 413 —10-0 43-0 0:32 T3548 +43 -+384 45:1 0-44 
Difference between non- 

selective and 9-0 54 2:4 93 

cardioselective 
p value 0-002 0-19 0-64 0-16 





blockers themselves from an adaptation to the 
blockade. 

The QT interval is traditionally corrected ac- 
cording to the equation derived from the work of 
Bazett,?®> QTc=QT/\/RR, QT and RR being 
expressed in seconds. The initial QTc intervals in 
our patients, calculated according to this equation, 
varied from 0-373 to 0-482 which suggests that this 
correction procedure may not be appropriate 
for hypertensive patients. Correlations were, there- 
fore, calculated between QT and RR,-QT and 
VRR, for both linear and polynomial regressions. 
Similar calculations were made on all measurements 
of QT and RR obtained during the trial, and, since 
the linear relation was simplest and fitted the points 
equally well, the other calculated regressions have 
not been presented here. : 

'The initial values of QT and RR (in ms) at rest 
have been plotted for all patients in Fig. 1, appro- 
priate symbols indicating the drug to which each 
patient was subsequently assigned (P, propranolol; 
V, pindolol; A, atenolol and M, metoprolol). The 


plus signs depict the least-squares fit for a linear 
regression, and the asterisks plot a second order 
polynomial. Both lines were calculated from all the 
results, and had correlation coefficients of 0-769 and 
0:77, respectively. (À plot of QT against 4/RR also 
had a correlation coefficient of 0-77.) The regression 
equations for QT/RR before treatment (day 1) for 
all patients at rest, and for patients assigned to non- 
selective and cardioselective drugs at rest and at the 
peak of the second exercise, are set out in Table 5. 

It is apparent that the QT/RR regressions were 
similar for both groups, and that on exercise the 


Table 5 Initial QT[RR regressions 





Rest 

All patients (QT) -(RR) x 0-192 +227 (10:769) 
Non-selective (QT) =(RR) x 0-202 4-214 (r =0-821) 
Cardioselective 0-195 4-230 0-753 
Exercise 

Non-selective (QT) -(RR) x 0:242 +175 (r=0°866) 
Cardioselective 0-354 +130 0-881 
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Fig. 1 


QT interval plotted against RR, all patients, at rest, before treatment, Ordinate: QT, ms. Abscissa: RR, ms. 


Symbols indicate drugs to which patients were subsequently assigned. P, propranolol; V, pindolol ; A, atenolol; 
M, metoprolol. Plus signs; plot of calculated linear regression. Asterisks: plot of second order polynomial. 


regressions were steeper and the correlation coeffi- 
cients higher. Also of interest, in view of what is 
reported below, is the fact that on exercise on day 1 
the QT/RR slope appeared steeper in the group 
subsequently assigned to cardioselective drugs. 


(B) Adaptation to treatment 

These was a difference between the responses of the 
non-selective and cardioselective groups in the 
QT/RR relation. 

In Fig. 2 the calculated linear regressions for 
QT/RR at rest have been plotted for the non- 
selective group (asterisks) and the selective group 
(plus signs) before the start of treatment. As already 
noted the slopes are similar. The P symbols plot the 
regression for QT/RR in the non-selective group on 
day 29 (52 hours after the last dose of drug). The 
slope has not changed, but at all heart rates QT is 
about 15 ms longer than before treatment. In 
contrast, on day 29 in the cardioselective group 
(A symbols) the slope is quite different (p —0-02) 
from that observed on day 1. In patients with higher 
rates QT was prolonged, but.in the patients with 
slower rates, QT was actually shorter than at the 
start of treatment. 


There was a similar difference between the groups 
on exercise. The regressions for QT/RR at the peak 
of the second exercise have been plotted in Fig. 3; 
asterisks and P symbols depict the plots for the non- 
selective group on day 1 and day 29, respectively, 
and the plus signs and A symbols represent the 
cardioselective group on days 1 and 29. For com- 
parison with the regressions already given for day 1, 
the equations for day 29 are given in Table 6. 

The conclusion to be drawn from these results 
was that though both groups were responding in a 
similar manner to the non-selective and cardio- 
selective drugs in relation to the control of blood 
pressure, their adaptive responses were different 
in relation to heart rate and the QT/RR relation. 


Table 6 OT/RR regressions on day 29 





Rest 

Non-selective (QT) «(RR) x 0:195 4-230 (r=0°864) 
Cardioselective 0-075 +329 0-444 

Exercise 

Non-selective (QT) =(RR) x 0:238 + 183 (r=0°773) 
Cardioselective 0:125 +263 0:470 
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Nevertheless there was a resting bradycardia in 
some patients in the non-selective group, though 
there was no statistically significant slowing of heart 
rate at rest on day 8 or 29 for the group as a whole. 
The patients were, therefore, divided, irrespective 
of drug taken, into those whose resting heart rate 
on day 29 had fallen by 10 per cent or more (heart 
rate responders) and those whose heart rate had not 
fallen or had, in some cases, actually risen a little 
(non-responders). The score for the heart rate re- 
sponders according to the individual drugs was 
atenolol, 7/7; metoprolol, 6/9; propranolol 3/7; 
pindolol, 1/7; total 17/30. 

For the heart rate responders, QT/RR regres- 
sions, at rest (asterisks) and during the second 
exercise (minus signs) before treatment are com- 
pared in Fig. 4 with similar regressions calculated 
on day 29 (plus signs, rest; dots, exercise). It appears 
that the patients who adapted to beta-blockade by a 
lowering of heart rate, also adapted by changing the 
relation between QT and RR (Table 7). 

In contrast, a similar plot of the data from the 13 
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non-responders (Fig. 5) indicates that the QT/RR 
relation at rest on day 29 was identical to that 
observed on day 1, and was only slightly flattened 
during exercise on day 29. Perhaps the most striking 
feature of these plots was that whatever the QT/RR 
relation before treatment, by day 29 the QT/RR 
regressions had become very similar, irrespective of 
whether they were “‘heart rate responders" or not. 
The regression equations are shown in Table 7. 
For the heart rate responders, the QT/RR regres- 
sion at rest was not quite significantly different on 
day 29 from that on day 1 (p=0-076), but during 
exercise the slope of the regression on day 29 was 
significantly different from that on day 1 (p=0-018). 
In contrast, for the non-responders, the slopes of the 
regression were already low on day 1, and had not 
altered significantly by day 29. 

Comparison of Fig. 4 and 5, and the equations in 
Table 7 suggests that the “heart rate responders” 
might have constituted a different population 
initially, because the slopes of QT/RR regressions, 
both at rest and on exercise, were steeper in the 


Li t Li H [i 1 
+ - * - E - + - d - 4 


1060.00 1130.00 1200.00 


Fig. 2 Adaptation of QT|[RR relation at rest to treatment. Ordinate: QT, ms. Abscissa: RR, ms. Calculated linear 
regressions have been plotted of the OT/RR relation before treatment in the group on non-selective (asterisks) and 
cardioselective (plus signs) drugs. The regressions on day 29 are depicted by P symbols for the non-selective, and 


A symbols for the cardioselective group. 
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Fig. 3 Adaptation of QT/RR relation on exercise. Ordinate: QT, ms. Abscissa: RR, ms. The calculated regressions 
of the QT/RR relation after the peak of the second exercise were steeper than at rest. Asterisks and P symbols, 
non-selective group on days 1 and 29, respectively. Plus signs and A symbols, cardioselective group on days 1 and 29. 


responders than in the non-responders. Though 
from Table 7 it is clear that the differences in these 
slopes were not statistically significant (p =0-13 at 
rest, and 0-077 on exercise), the p values were close 
enough to significance to suggest that this pheno- 
menon, the QT/RR relation, would be worthy of 
further study in a subsequent investigation. 

The question arose, therefore, whether there 
could have been some accidental bias in the blind 
assignment of patients, so that the higher proportion 
of heart rate responses in the cardioselective group 
might have been the result, not of a difference in the 
effect of the drugs, but of the inclusion of a larger 
number of “heart rate responders" in the groups 
assigned to the cardioselective compounds. Correla- 
tions were calculated between heart rate response 
and observations made before treatment and some 
of these are listed in Table 8. 

Regression analysis was undertaken on the rela- 
tion between the ultimate heart rate response 
against (a) initial resting heart rate (r—0-29), (b) 
initial increases in heart rate on exercise (r==0-2), 
and (c) initial QT. (r—0-17), and several other 


Table 7 QT/RR relation in “heart rate responders” 
and non-responders on days 1 and 29 





Slope Intercept Correlation 
coefficient 
Day i 
Rest: Responders 0:236 198 0-697 
Non-responders 0:139 266 0-654 
Significance of difference in l 
slopes t p=o-13 
Responders/non-responders J 
Exercise 2: Responders 0:346 130 0-891 
Non-responders 0:217 194 0-769 
Significance of difference in 
slopes p=0-077 
Responders /non-responders 
Day 29 
Rest: Responders 0:127 
Non-responders 0:126 
Exercise 2: Responders 0-150 


Non-responders 


Second exercise 


Non-responders: day 1 compared with day 29. 
Rest: p -0-87 
Second exercise: p 0-52. 
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Table 8 Comparison of initial data 








Adaptation to beta-blockade 


(6) EFFECT OF ACUTE INTRAVENOUS 
BLOCKADE ON THE QT/RR RELATION 


Responders Non- Difference p value Increases in heart rate on exercise were reduced 

responders by acute intravenous beta-blockade. When QT 

Initial heart rate 905438 829435 7-6 0-16 was plotted against RR for observations obtained 
qomat inresa i aito 209 1358. 22 938 in the period after injection, both at rest and during 
exercise exercise, the regression became flatter, that is QT 
Initial QTc heces eens 0-005 96 interval became less closely related to heart rate. 





initial measurements, but no significant correlations 
were found. It was concluded, therefore, that the 
bradycardia observed at rest on day 29 in the 
cardioselective group was indeed the result of an 
adaptation to the treatment, and that the order of 
potency in causing adaptive bradycardia at rest was 
-atenolol >metoprolol > propranolol > pindolol. 
On day 29 in four of seven patients on pindolol, 
heart rate at rest was actually a little faster than on 
day 1. 
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This was very similar to the adaptation after pro- . 
longed treatment observed in the absence of the 
drug. This less steep relation between QT and heart 
rate after intravenous beta-blockade did not alter 
significantly during treatment. For comparison with 
the figures given above, the equations after acute 
blockade are given in Table 9. 


(7) LACK OF CORRELATION BETWEEN 
BRADYCARDIA AND CONTROL OF BLOOD 
PRESSURE 

Both bradycardia and reduction of hypertension 
may persist after stopping treatment after prolonged 
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Fig. 4 QTJRR reélation before treatment in patients who ultimately had an adaptive bradycardia during treatment, 
Ordinate: QT, ms. Abscissa: RR, ms. The calculated regression of the “heart rate responders" is plotted at rest 
(asterisks) and at the peak of the second exercise (minus signs) on day 1, and at rest (plus signs) and on exercise 
(dots) on day 29. At rest, the difference in slopes on days 1 and 29 was not quite significant (p=0-076), but on 
exercise the slope on day 29 was significantly different from that on day 1 (p=0-018) (see Table 7). 
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Fig. 5 Non-responders. The QT|RR regression at rest on day 1 (asterisks) was the same as on day 29 (plus signs). 
On exercise, the slope of the regression on day 29 (dots) was less steep than on day 1 (minus signs) (that is a change 
in the same direction as that exhibited by heart rate responders), but the slopes were not, in fact, significantly different 


(see Table 7). 


beta-blockade, and it might be thought that 
patients who are adapters in the one respect, might 
also be adapters in the other. Fig. 6 indicates that 
this is not the case. Changes in heart rate have been 
plotted against changes in diastolic blood pressure 
at day 29, for all patients. Heart rate responders 
(HR change >10%) are denoted by R, and non- 
responders by N. The correlation coefficient for all 
patients was 0-108, for responders 0-092, and for 
non-responders 0-038. 


(8) TIME COURSE OF DEVELOPMENT OF 
HYPOTENSIVE RESPONSE TO TREATMENT 

AND OF ADAPTIVE RESPONSE 

(A) Hypotensive response to treatment 

In estimating the response of hypertensives to 
treatment with beta-blockers, blood pressure is 
normally measured while patients are still taking 
the drugs. By this criterion all patients responded", 
in that, by the 70th day of treatment, there was no 
patient on any drug whose diastolic pressure was not 
lower than on admission to the trial, and only one 
(on metoprolol) in whom this fall did not exceed 


5 mmHg. There were, however, two patients on 
pindolol, and one each on propranolol and atenolol, 
in whom diastolic pressure had not fallen by the 
42nd day of treatment, and in these four individuals 
systolic pressure had not fallen even by the 70th day. 
On the 16th day the 'non-responder" scores were, 
for atenolol and pindolol, one each for both diastolic 
and systolic pressures; for propranolol, three for 
diastolic, two for systolic; and for metoprolol, three 
for diastolic, four for systolic. 


Table 9 Effect of acute beta-blockade on the OT/RR 
regression 





At rest after intravenous beta-blockade 


Non-selective Day 1  (QT)-(RR)x0:131-4-270:2 r=0-581 
Day 29 0-150 +-260-4 0-736 

Cardioselective Day 1 0:102 4+-296-9 0-485 
Day 29 0:092 --327:5 0-465 

During second exercise after intravenous beta-blockade 

Non-selective Day i (QT)-(RR)x0178--215:2 r-0-784 
Day 29 0-232 4-186:9 0-882 

Cardioselective Day 1 0-206 --210-6 0-703 
Day 29 0-170 +238-9 0-685 
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(B) Adaptation 

An adaptive response to treatment may be defined 
as a lowered blood pressure persisting after with- 
drawal of treatment, at a time when no significant 
concentration of the drug remains in the body. 
Obviously this cannot be estimated at the same time 
as the response to treatment already described. By 
this criterion, on day 29, for diastolic pressure, there 
were two adapters on propranolol, four on pindolol, 
five on metoprolol, and six on atenolol, a total of 
17/30, but these patients were not, of course, as 
already shown in Fig. 6, the same 17 who showed an 
adaptive bradycardia. For systolic pressure, adapta- 
tion was present on day 29 in six patients each on 
metoprolol and atenolol, in four on pindolol, and in 
five on propranolol. The scores were almost 
identical on day 8, indicating that in those patients 
who adapt, the adaptation occurs quite early, 
though it may progress further during treatment. 
There were insufficient patients for a full quantita- 
tive analysis to have been worth while, but the 
time-course of the development of adaptation seems 
to merit further study. 
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Adaptation to beta-blockade 


Discussion 


Experimental work in animals has shown that pro- 
longed treatment with doses of beta-blockers 
equivalent to those used clinically induces profound 
adaptive readjustments which include a decrease in 
peripheral sympathetic background activity,?? and 
a lengthening of cardiac action potential duration. 
Such changes long outlast the end of treatment. 
In man, the hypotensive effect of beta-blockers does 
not develop optimally for days or weeks, and the 
implication is that some sort of adaptation to re- 
peated interference with the sympathetic control 
of the heart is involved. The problem has been to 
identify the site at which such an adaptation occurs, 
and there have been no lack of candidates. The 
myocardium, the arterioles, the baroreceptors, the 
brain, the renin-angiotensin system, and the 
peripheral sympathetic have all had their advocates. 

'The present study was designed to distinguish 
adaptive changes, induced by prolonged beta- 
blockade and persisting when the drugs had been 
eliminated from the body, from the immediate 
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Fig. 6 Absence of correlation between adaptive bradycardia and control of blood pressure. Ordinate: percentage 
change in heart rate at rest on day 29. Abscissa: percentage change in diastolic blood pressure on day 29. R —patients 
with a bradycardia greater than 10 per cent (heart rate responders). N —non-responders. The minus signs shown 

least squares fits to the R (r=0-092) and N (r=0-038) points, and the asterisks give the fit for all results (r-0-108). 
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effects of the drugs themselves. There was no 
evidence, 52 hours after the last dose of drug, of the 
development of any “‘supersensitivity’’. In no patient 
in the cardioselective group was the resting heart 
faster than before treatment, but in four of seven 
patients on pindolol heart rate was up by 1-6, 6, 12, 
and 13 per cent, a change that may be related to the 


intrinsic sympathomimetic activity of this com-. 


pound. In 17 of 30 patients heart rate at rest was 
slower by a margin of more than 10 per cent. 
Furthermore, the peak heart rates on exercise were 
also lower in both groups. There was no evidence 
of a “rebound” of blood pressure 52 hours after 
withdrawal of treatment. 

Brundin et aL?* reported that in eight hyper- 
tensives treated with propranolol for two months or 
more, and examined 72 hours after the last oral dose, 
effects remaining after withdrawal of the drug 
could be detected— "the persistent effects appeared 
as: (1) a considerable reduction of heart rate (2) an 
almost total lack of acute haemodynamic response to 
intravenous propranolol administration". In our 
study, though a persistent bradycardia (» 10945) 
was observed in all seven patients on atenolol, and 
in six of nine on metoprolol, it was found in only 
three of seven patients on propranolol. No signi- 
ficant adaptive changes in the response to acute 
intravenous administration of any of the drugs used 
were observed, either in heart rate or blood pressure 
responses. 

In the present investigation the doses used were 
adjusted in an attempt to produce what was re- 
garded as a satisfactory response to treatment, 
that is to say a reduction of diastolic pressure to 
approximately 90 mmHg (11:97 kPa). As already 
noted, however, there were a few patients in each 
group in whom the control of hypertension was 
minor (fall of less than 10 mmHg systolic or 
5 mmHg diastolic). It is possible, of course, that 
further treatment beyond the limit of this trial 
would have ultimately improved the response. 
Regression analysis indicated that.there was no 
correlation at all between the adaptive response of 
the blood pressure to treatment and the adaptive 
changes in resting heart rate (r —0-1 for all patients). 

'The adaptation to treatment with beta-blockers 
involved a less steep relation between heart rate 
and QT interval. The traditional correction derived 
from the work of Bazett??* QT.-—QT/4/RR 
measured in seconds, resulted in a wide range of 
QT. values in the patients before the start of treat- 
ment. Recently, Milne et al.’ have questioned the 
appropriateness of the Bazett correction. Extensive 
statistical analyses indicated that a linear regression 
of QT/RR gave as good (or as bad) a fit as QT/ VRR 
or polynomial regressions. It was apparent that with 
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all the drugs the correlation between QT and RR 
was diminished during treatment, and was also 
reduced by acute beta-blockade even before the 
treatment started. 

The questions remain how these results may be 
explained, and whether they have any clinical 
significance. The QT interval measures the time 
between the beginning and the end of the flow of 
ventricular current in the axis of the recording 
electrodes; that is, from depolarisation of the first to 
repolarisation of the last cell. It does not, therefore, 
measure action potential duration, but contains 
within it a variety of disparate individual action 
potential durations and can also be altered by 
changes in conduction pathway. A lengthening of 
QT can only be taken to measure prolongation of 
action potential duration if the latter is uniform, 
and if conduction is unchanged. Action potential 
duration itself can be interpreted in terms of 
mathematical equations involving time and voltage- 
dependent ionic conductances, but the applicability 
of such models to cardiac muscle is dubious for two 
main reasons, First, the experimental data put into 
the equations are suspect, because membrane 
voltages assumed to be uniform are not, in fact, 
uniformly distributed even in Purkinje fibres, much 
less in ventricular muscle, and the injected currents 
themselves not only control the membrane voltages 
(the desirable effect), but also alter the extracellular 
ionic concentrations, an undesirable effect, because 
it is upon the constancy of these concentrations 
that the validity of the calculations is based. 

Such technical matters have been discussed in 
detail elsewhere;?? but there is a second more funda- 
mental reason for doubting whether the cardiac 
action potential can be assumed to be determined 
solely by conductances through voltage and time- 
dependent channels analogous to those of nerve. 
Cardiac muscle fibres are of small diameter (atrial 
6 to 8 p, ventricular 10 to 15 y), and 35 to 40 per 
cent of the intracellular volume is occupied by 
mitochondria. The surface to volume ratio is high, 
and the energy turnover is rapid: ‘“‘passively” 
determined membrane conductance changes can be 
overridden by metabolic control. Action potential 
duration is rapidly and dramatically shortened by 
hypoxia or ischaemia, and this effect is exacerbated 
by fatty acids?! or ameliorated by glucose.?5 Action 
potential duration is also shortened in hyper- 
thyroidism,** or by beta-adrenergic stimulation, and 
is lengthened by hypothyroidism, or certain 
drugs.?? 38 In contrast to these major effects on 
action potential duration, the changes produced in 
intracellularly recorded action potential duration 
in vitro by large alterations in pacing frequency are 
minor, two or three milliseconds only.?? 
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If such considerations are applicable to man, QT 
interval in the short term would be controlled by 
two main influences. The first, a comparatively 
small “biophysical” effect, would be the heart rate; 
the second would be changes in the concentration 
of intracellular metabolities, subject to control by 
beta-receptor agonists, substrate availability, etc. 


The clinical validity of this hypothesis can be tested. . 


For example, changes in heart rate produced by 
pacing should cause less shortening of QT than 
comparable changes induced by the natural agonist, 
noradrenaline, released from nerve endings during 
exercise. Conversely, in patients with fixed- 
frequency pacemakers, QT should shorten during 
exercise in spite of the absence of any change of 
heart rate. The flattening of the QT/RR relation, 
after acute intravenous blockade, and as an adapta- 
tion to prolonged treatment, could thus be ex- 


plained as a reduction of the “metabolic” control , 


of action potential duration, the more important of 
the two. We found in our hypertensive patients no 
evidence that prolonged beta-blockade induced any 
supersensitivity to adrenergic stimulation, such as 
has been described in human volunteers.t? 

An adaptive bradycardia (71094) occurred in 
17 of 30 of our patients. In this group of “‘heart rate 
responders" the QT/RR relation appeared to be 
somewhat steeper before treatment than in the 
non-responder group. Though not statistically 
significant in this study, the difference was so close 
to significance (p=0-13 at rest, and 0-077 on 
exercise) as to suggest that this phenomenon would 
be worth looking at again in a prospective trial, in 
an attempt to identify probable responders before 
the start of treatment. Such identification would not, 
of course, be of help in the treatment of hyper- 
tensives, since there was no correlation between 
heart rate response and blood pressure control, 
but it could be useful in the selection for treatment 
with beta-blockers of anginal patients, for whom 
bradycardia may be of greater therapeutic signi- 
ficance. 
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Effects of propranolol on myocardial oxygen 
consumption, substrate extraction, and 
haemodynamics in hypertrophic obstructive 
cardiomyopathy 


D S THOMPSON, N NAQVI, S M JUUL, R H SWANTON, D J COLTART, 
B S JENKINS, M M. WEBB-PEPLOE 


From the Departments of Cardiology and Medicine, St. Thomas? Hospital, London 


SUMMARY Myocardial substrate extraction, coronary sinus flow, cardiac output, and left ventricular 
pressure were measured at increasing pacing rates before and after propranolol (0-2 mg/kg) in 13 patients 
with hypertrophic obstructive cardiomyopathy (HOCM) during diagnostic cardiac catheterisation. At 
the lowest pacing rate myocardial oxygen consumption varied considerably between patients and 
very high values were found in several individuals (range 10-1 to 57-5 ml/min). These large differences 
between patients were not explicable by differences in cardiac work; consequently, cardiac efficiency, 
estimated from the oxygen cost of external work, varied between patients and was lower than normal in 
all but two. The pattern of substrate extraction at the lowest pacing rate was similar to results reported 
for the normal heart, and measured oxygen consumption could be accounted for by complete oxidation 
of the substrates extracted; thus there was no evidence of a gross abnormality of oxidative metabolism, 
suggesting that low efficiency lay in the utilisation rather than in the production of energy. Each of 
the four patients with the highest myocardial oxygen consumption and lowest values of efficiency 
sustained progressive reductions in lactate and pyruvate extraction as heart rate increased, and at the 
highest pacing rate had low (<3%) or negative lactate extraction ratios. In three of these four, coronary 
sinus flow did not increase progressively with each increment in heart rate. One patient with low oxygen 
consumption and normal efficiency also failed to increase coronary flow with the final increment in 
heart rate, and produced lactate at the highest pacing rate. Thus the five patients in whom pacing 
provoked biochemical evidence of ischaemia all had excessive myocardial oxygen demand and/or 
limited capacity to increase coronary flow. Propranolol did not change lactate extraction significantly at 
any pacing rate in either the ischaemic or non-ischaemic groups. In only one patient was ischaemia 
at the highest pacing rate abolished after propranolol, and this was associated with a 30 per cent 
reduction in oxygen consumption. These results do not demonstrate a direct effect of propranolol 
upon myocardial metabolism in patients with HOCM, but emphasise the potential value of beta-blockade 
in protecting these patients from excessive increases in heart rate. 


Angina pectoris is a common symptom in patients 
with hypertrophic obstructive cardiomyopathy 
(HOCM),!? suggesting that the oxygen demand 
of the hypertrophied heart may exceed the capacity 
of the coronary circulation to supply it. The 
occurrence of angina is not related to the severity 
of obstruction? implying that high myocardial 
oxygen demand secondary to increased left ventri- 
cular work is not the usual mechanism of ischaemia. 
Received for publication 19 March 1980 


The severity of hypertrophy is out of proportion 
to the increase in cardiac work that would be 
needed to overcome obstruction’; this inappro- 
priate increase in muscle mass may lead to increased 
myocardial oxygen demand which is excessive 
when considered in relation to the external work 
performed by the heart. In the presence of severe 
hypertrophy resulting from aortic stenosis, coronary 
flow is unable to increase when the heart is stressed; 
thus in addition to increasing oxygen demand, 
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hypertrophy may limit the ability of the coronary 
vasculature to increase oxygen delivery. 

Propranolol has been used extensively in the 
treatment of patients with HOCM, and has been 
shown to improve angina,” reduce the outflow tract 
gradient, and increase left ventricular diastolic 
distensibility.? Its beneficial effect upon angina 
may be because of reduction of heart rate on 
exercise, but recent studies in patients with coronary 
artery disease have suggested that beta-blockade 
may improve myocardial ischaemia even when 
heart rate is controlled by pacing.!9 14 

In this report we present the results of studies 
upon myocardial metabolism, coronary flow, and 
haemodynamics at increasing heart rates in patients 
with HOCM, with particular reference to the factors 
contributing to the development of metabolic 
evidence of ischaemia. In addition, the effects of 
propranolol administration were studied to deter- 
mine whether or not this drug has beneficial 
actions that are independent of heart rate. 


Patients and methods 


Thirteen patients (age 18 to 62) were studied. All 
were symptomatic and were undergoing diagnostic 
cardiac catheterisation for suspected HOCM. The 
patients gave written consent and the Hospital 
Ethical Committee approved the study. 

Beta-blocking drugs were stopped two days 
before catheterisation. All studies were performed 
in the morning after an overnight fast. Atropine 
0:3 mg and diazepam 10 mg intramuscularly and 
heparin 45 units/kg intravenously were given one 
hour before catheterisation. Pretreatment with 
heparin has been shown to minimise the effect of a 
subsequent dose upon arterial free fatty acid 
concentration.!? Right and left heart catheterisation 
were performed via the right femoral vein and 
artery. À second dose of heparin was given im- 
mediately after arterial catheterisation. In four 
patients transseptal puncture was performed and 
the outflow gradient demonstrated by simultaneous 
measurement of left ventricular body pressure 
via the transseptal catheter and outflow pressure 
via the arterial catheter. In the other patients 
gradients were measured by withdrawal of an 
end-hole catheter from the ventricular apex to the 
aorta, and then confirmed by a twin lumen catheter. 
Inhalation of amyl nitrate was used to provoke a 
gradient when appropriate. 

Using the long sheath technique?? the left heart 
catheter was replaced by a catheter tip micro- 
manometer (Telco MM52, or Millar) which was 
positioned in the body of the left ventricle. The 
right heart catheter was replaced by a Schwarzer 
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Swan Ganz fibreoptic catheter which was advanced 
to the pulmonary artery for measurement of 
cardiac output. Via a left antecubital vein a Ganz 
pacing and thermistor catheter was advanced into 
the coronary sinus. Its site was confirmed by 
injection of contrast medium, and infusion of cold 
saline into the right atrium. Coronary sinus 
pacing was established just above basal heart rate. 
Cardiac output, left ventricular pressure, and 
coronary sinus flow were measured, and left ventri- 
cular and coronary sinus blood sampled simul- 
taneously. The procedure was repeated at three 
or four pacing rates. Pacing was stopped, and 
propranolol 0-2 mg/kg given intravenously. Twenty 
minutes later the outflow gradient was measured 
at basal heart rate, and then the pacing study 
repeated. Biplane left ventricular cineangiography 
was performed at the end of the study. In nine 
patients the left anterior oblique view with simul- 
taneous hand injection into the right ventricle was 
used to define septal hypertrophy. Selective 
coronary arteriography was performed in 12 
patients. 

The micromanometer and thermistor signals 
were displayed on a Cambridge 12 channel recorder 
and stored on tape. The pressure signal was differ- 
entiated, and KVmax derived from developed 
pressure. Mean systolic pressure was estimated 
by planimetry of the left ventricular pressure trace 
and used in the calculation of systolic pressure 
time index and left ventricular minute work. 
Green dye curves obtained in the pulmonary 
artery were analysed by an IVH 3 Schwarzer 
cardiac output computer. Coronary sinus blood 
flow was measured by constant infusion thermo- 
dilution. 

Blood samples were added to an aliquot of 10 
per cent perchloric acid for deproteinisation and 
subsequent determination of lactate and pyruvate,!? 
hydroxybutyrate and acetoacetate,!? and glycerol.?° 


‘For measurement of free fatty acids?! blood was 


added to sequestrene tubes and centrifuged. 
All samples were put on ice, and then stored at 
-20°C. Heparinised samples were taken for deter- 
mination of oxygen content upon a LEX-0, 
CON-TL. 

Extraction of a substrate is defined as the 
difference in concentration between arterial and 
coronary sinus blood (A — V), and extraction ratio 
is that difference as a percentage of arterial concen- 
tration (A-V/A%). Oxygen extraction ratio of a 
substrate is defined as the amount of oxygen 
required to catabolise completely the amount of 
that substrate extracted, expressed as a percentage 
of the total oxygen extracted by the heart. For 
example, one mole of lactate requires three mole of 
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oxygen. Thus the amount of oxygen needed to 
catabolise extracted lactate can be calculated, and 
expressed as a percentage of the total oxygen 
extracted by the heart. Myocardial oxygen con- 
sumption is calculated as the difference between 
arterial and coronary sinus oxygen consumption 
(A= V) multiplied by coronary sinus flow. Myo- 
cardial efficiency is estimated by the formula of 
Bing and Michal? where 


efficiency = ] 
Left ventricular minute work (kg m/min) " 
Myocardial O, consumption (ml/min) x 2:059 x 0-806 2 





Statistical analysis was performed using Student's 
t test, paired t test, and linear regression. A value of 
p«0:05 was considered significant. Values are 
expressed as mean -tstandard error of the mean. 


Results 


The clinical details of the 13 patients are listed in 
Table 1. Twelve complained of exertional dyspnoea, 
and eight of angina pectoris. All had physical signs 
suggestive of HOCM. One patient (case 9) had 
auscultatory and echocardiographic signs of mitral 
stenosis found at catheter to be trivial (Gorlin 
valve area 3-3 cm?); this patient's aortic valve was 
normal. 

At basal heart rate the mean left ventricular 
outflow gradient was 43:90 mmHg before, and 
35-9 mmHg after propranolol (NS). In case 13, 


Table 1 Clinical and haemodynamic details of patients 
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no gradient was present at rest, but inhalation of 
amyl nitrate provoked an outflow gradient of 
13 mmHg. 

Angiographic assessment of the severity and 
distribution of hypertrophy showed it to be limited 
to the septum in seven patients, with hypertrophy 
of both septum and free wall in six. Thé coronary 
arteries were normal in 12 patients (as judged from | 
coronary arteriography in 11, and aortography in 
one). Minor irregularities but no critical stenoses 
were seen in case 4 on coronary arteriography. 


METABOLIC RESULTS 

Arterial lactate concentration was 0-474+0-02 
mmol/l before and 0-496 +0-02 mmol/l after prop- 
ranolol (NS). Fig. 1 shows myocardial lactate 
extraction ratio at each pacing rate. Before prop- 
ranolo| mean lactate extraction ratio fell from 
37-4 per cent+3-1 at the lowest pacing rate. to. 
9-1 per cent -7-8 at the highest pacing rate. This 
fall was largely because of five patients in whom 
lactate extraction fell progressively as heart rate 
increased. At the highest pacing rate the mean 
lactate extraction ratio of these five patients was 
—11:8 per cent (range 2:7 to ~33-4%), and three 
of them experienced angina. Lactate extraction 
ratio remained high in the other eight patients 
at all pacing rates, and the difference between 
the two groups was significant at the second, third, 
and fourth pacing rates. After propranolol, lactate 
extraction did not change significantly at any heart 
tate in either group of patients. Only one of the five 





Case Age Sex Symptoms 


Resting gradient 


Distribution of Mitral ** Myocardial efficiency 








no hypertrophy regurgita- at first pacing rate (95) 
tton 
Dyspnoea Angina Palpita- Syncope Control Prop- Control Propranolol 
tion ranolol 
1 4 M + 0 + 0 27 13 Septum and moderate I 227 94^ 
generalised 
2 58 M + + + 0 26 47 Septum 0 15:9 20:2 
3 42 F + 0 T 0 65 48 Septum I '22:3 23-7 
4 62 M + 0 + + 38 35 Mid septum 0 38:6 33-1 
5 24 M + 0 0 0 70 11 Septum II 20-3 — 
6 42 M + + + 0 49 36 Septum 0 2344 13-9 
7 26 M + + + 0 22 12 Septum 0 227 22-1 
8 39 M + + + 0 5 0 Septum and moderate I 24-4 26:2 
generalised 
9* 53 F + + 0 0 100 91 Septum II 40:3 28:3 
10* 18 F + + 0 0 27 26 Massive septal and II 6:1 6:3 
severe generalised 
11* 29 F + + + 0 69 36 Septal and moderate II 10:4 13-0 
generalised 
12* 23 F + + + 0 61 100 Septal and severe II 12:0 11-9 
li generalised 
13* 28 M 0 0 + + 0 Generalised 0 14-4 178 
Mean 4349 3549 Mean 21:5 2/77 197 +22 
NS NS 





*Patients who developed abnormal lactate extraction at the highest pacing rate. 
**Mitral regurgitation, grade 0 —none, I=mild, II «moderate, III «severe, IV —very severe. 
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(5 (c) 
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Fig. 1 Myocardial lactate extraction ratio at each pacing rate. (a) Mean +SEM of all patients. Open circles, 
before propranolol ; closed circles, after propranolol. (b) Separation of the two groups on the basis of lactate extraction 
ratio at the highest pacing rate before propranolol. A mean +SEM of the five patients who had low or negative 
extraction ratios at highest pacing rate. V mean 4- SEM of the remaining patients. Lactate extraction ratio was 
significantly lower in these five patients than in the others at all but the first pacing rate. (c) Comparison of the two 
groups after propranolol. Differences between the two groups were no longer significant ; however, mean extraction ratio 
did not change significantly in either group at any heart rate (*p « 0-5). 


patients with low extraction (case 12) showed 
distinct improvement after the drug, 43-8 per cent 
compared with 2-7 per cent at the highest pacing 


rate, and this was associated with relief of angina. ` 


Arterial pyruvate concentration was 0-036 + 
0-002 mmol/l both before and after propranolol. 
Considering all pacing rates together, extraction 
was related to arterial concentration before and 
after the drug (r=0-88, p «0:01; r—0-76, p « 0-01). 
Before propranolol pyruvate extraction ratio fell 
from 31-8 per cent +5 to 20-6 per cent 4-4-5 between 
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the highest and lowest pacing rates (Fig. 2). This 
reduction was the result of the behaviour of the 
five patients with abnormal lactate extraction. 
'Their pyruvate extraction ratios fell progressively 
as heart rate increased, while extraction remained 
high at all heart rates in the other eight patients, 
and the difference between the two groups was 
significant at the second, third, and fourth pacing 
rates. After propranolol, the pyruvate extraction 
ratio did not change significantly. 

Arterial concentration and extraction of hydroxy- 


(b) (e 
* 


LT 


ey 
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Fig.2 Pyruvate extraction ratio at each pacing rate. (a) Mean + SEM of all patients : open circles, before propranolol ; 
closed circles, after propranolol. (b) Comparison of the two groups that were separated on the basis of lactate 

extraction ratios (same symbols as Fig. 1). Before propranolol pyruvate extraction was significantly lower at all but 

the first pacing rate in the five patients with abnormal lactate extraction (A) than in the other patients (V ). 

(c) Gomparison of the two groups after propranolol. The differences between the groups were no longer significant 


(*p « 0-05). 
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butyrate, acetoacetate, free fatty acids, and glycerol 
did not change with heart rate, so the results at each 
pacing rate are not considered separately. 

Arterial concentration of hydroxybutyrate fell 
from 0:180 +0-018 mmol/l to 0-155 4-0:013 mmol/l 
after propranolol (p « 0-05), but the small decrease 
in extraction from 0:058 +0-008 mmol/l to 0-051 + 
0-008 mmol/l was not significant. Extraction was 
closely related to arterial concentration before and 
after the drug (r—0:87, p<0-001; r=0:86, 
p«0-001). 

Arterial concentration of acetoacetate (0-101 + 
0:013 mmol/l and 0:113 +0:01 mmol/l) and ex- 
traction | (0-047 4-0-005 mmol/l and 0:050 -0:005 
mmol/l) were similar before and after propranolol, 
and extraction was related to arterial concentration 
(r—0-93, p « 0-001; r—0-96, p « 0-001). 

Free fatty acid concentrations were measured in 
11 patients. Arterial concentration decreased from 
0-739 +0:039 mmol/l to 05844+0028 mmol/l 
(p « 0-01) after propranolol, but the fall in extraction 
from 0:131+0-015 to 0-125+0-017 mmol/l was 
not significant. Extraction was related to arterial 
concentration only before the drug (r=0-49, 
p<0-01). 

Glycerol concentrations were measured in nine 
patients. After propranolol arterial concentration 
fell from 0:058+0-003 to 0-047 +0-003 mmol/l 
(p <0-01), but extraction did not change. Glycerol 
release was common and extraction was not related 
to arterial concentration. 

Arterial concentration and extraction of free 
fatty acids, ketone bodies, and glycerol did not 
differ significantly between the patients who did 
or who did not develop abnormal lactate extraction. 

Oxygen extraction ratios were calculated for the 
ll patients in whom fatty acids were measured 
(Table 2). 





HAEMODYNAMIC RESULTS 

Basal heart rate differed between individuals, so 
the pacing rates used were not identical in all 
patients (Fig. 3). The pacing rates before and after 
propranolol were in'close agreement (82 4-4, 109 +3, 


Table 2 Oxygen extraction ratios at lowest pacing rate 








Before propranolol After propranolol 
Lactate 14:696 +29 16:5% £3-1 
Pyruvate 1:095 3:0-4 0:895 +02 
Hydroxybutyrate 7:896 +1-6 8-1% +12 
Acetoacetate 5295 1-2 7395 £1-2 
Free fatty acids 86.995 +14-6 91:795 +97 
Total 115:4% +15 124-995 «11:7 





Pi + and postpropranolol values do not differ significantly. 
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132 +4, and 147 +4 bpm before, and 81 +4, 109 +3, 
131 +4, and 147 +4 bpm after the drug). Cardiac 
output was lower after propranolol at all heart 
rates, significantly so at the second, third, and 
fourth pacing rates. Left ventricular body systolic 
pressure tended to fall as heart rate increased, 
and after propranolol was significantly lower at the 
third and fourth pacing rates. Left ventricular end- 
diastolic pressure rose from 11+1 mmHg at the 
lowest pacing rate to 19+2 mmHg at the highest 
pacing rate (p<0-01). After propranolol it was 
significantly lower at the second (8+1 mmHg 
compared with 11 +1 mmHg: p « 0:05) and fourth 
pacing rates (14 +3 compared with 19 +-1 mmHg). 
The maximum rate of.rise of left ventricular 
pressure decreased significantly after propranolol 
at the second, third, and fourth pacing rates and 
KV max was significantly lower after the drug at the 
first three pacing rates. 

Before propranolol coronary sinus blood flow 


(a) (b) 


5.0 Cardiac output 160 LV body systolic pressure 


xx 
bay * 
£0 eras i40 








£ 
£30 
20 
(9 @ 
LVEOP M 
22} HE * 1900) MEPR 
we 
18 
Pu x 1500 
E a 
E a 
P i dE 
1100 





80 10 120 10 
Heart rate 


Fig. 3 Haemodynamic results. Mean 4- SEM of all 
patients at each pacing rate. Open circles, before 
propranolol ; closed circles, after propranolol. 

Kp « 0-05 3k&p « 0-01 when pre- and postpropranolol 
values are compared. 
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(Fig. 4) increased as heart rate was raised, from 
216 +38 ml/min (range 99 to 604 ml/min) at the 
lowest pacing rate, to 374 4-74 ml/min (range 180 
to 940 ml/min) at the highest pacing rate. The 
.xesponse of coronary sinus flow to pacing varied 
between patients. In nine, it rose progressively 
with each increment in heart rate, in two there 
were only small increases in flow between the 
lowest and highest pacing rates (case 12: 443 to 
470 ml/min; case 13: 187 to 220 ml/min). In two 
patients, flow increased with the initial increments 
in heart rate and then reached a plateau (case 9: 
104, 185, 202, and 202 ml/min; case 10: 604, 940, 
940, and 940 ml/min). After propranolol, coronary 
sinus flow in the group as a whole was significantly 
lower only at the highest pacing rate: 329 4-62 ml 
compared with 374-74 ml/min (p « 0-02). 
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Arterial-coronary sinus oxygen difference did 
not change with heart rate or propranolol admini- 
stration, so coronary sinus flow and calculated 
myocardial oxygen consumption were closely 
related. At the lowest pacing rate myocardial 
oxygen uptake was 20-4 +3:8 ml/min, range 10-1 
to 57-7 ml/min. After propranolol it was,significantly 
lower only at the third and fourth pacing rates; 
25446 compared with  30-8+-7-5 ml/min 
(p <0-005) and 32-6-+-7:3 compared with 37:1 + 
7-1 ml/min (p <0-01). 

In this group of patients oxygen uptake bore no 
relation to the product of either left ventricular 
body systolic pressure and heart rate or systolic 
pressure time index and heart rate, and was not 
related to left ventricular minute work (Fig. 5). 
Calculated myocardial efficiency (Table 1) showed 


Fig. 4 Upper panels: Myocardial 
oxygen consumption mean +SEM 
of (a) all patients at each heart 
rate. Open circles, before 
propranolol; closed circles, after 
propranolol. (b) Before 
propranolol. Comparison of the 
five patients who developed 
ischaemia (A) with the other 

(f) eight patients(V ). (c) After 
propranolol. Comparison of the 
two groups. 

Lower panels: Coronary sinus 
blood flow (d) mean X: SEM of 
all patients ; (e) before 
propranolol : comparison of the 
two groups; (f) after propranolol. 
Comparison of the two groups. 





Fig. 5 Myocardial oxygen 
consumption at the lowest pacing 
rate before propranolol plotted 
against (a) left ventricular minute 
work, (b) the product of peak 
left ventricular body pressure and 
heart rate, (c) the product of 
systolic pressure time index and 
heart rate. For the group as a 
whole myocardial oxygen 
consumption was not related to 
any of these indices of left 
ventricular work. 


3000 4000 5000 


mmHg s/min 


494 


a wide range of values at the lowest pacing rate, 
was normal in only two patients (cases 4 and 9), and 
did not change after propranolol. 


RELATION BETWEEN METABOLIC AND 
HAEMODYNAMIC RESULTS 
The five patients who developed abnormal lactate 
metabolism on pacing did not differ significantly 
from the other eight patients in age, severity of 
obstruction, cardiac output, left ventricular end- 
diastolic pressure, KVmax, or max dP/dt. The 
changes in these indices induced by pacing were 
similar in the two groups. Inspection of the left 
ventricular cineangiograms, however, suggested 
that the five patients with abnormal lactate meta~ 
bolism at high heart rates had more severe and 
extensive hypertrophy (generalised hypertrophy 
in addition to septal thickening in four, and gross 
septal hypertrophy in the fifth). At the lowest 
pacing rate their mean myocardial oxygen uptake 
was 30:892 compared with 14-2+1-0 ml/min 
(p <0-05). Left ventricular minute work did not 
differ, so calculated myocardial efficiency tended to 
be lower in these five patients. On pacing, all eight 
patients with normal lactate extraction showed 
progressive increases in coronary sinus flow 
with each increment in heart rate. Of the five 
patients who became ischaemic, this pattern 
was seen in only one (case 11), while in two there 
was little increase in flow between lowest and 
highest pacing rates (cases 12 and 13), and in two 
others, flow reached a plateau (cases 9 and 10). 
In the five “ischaemic” patients, at the highest 
pacing rate propranolol reduced cardiac output, 
left ventricular body systolic pressure, and hence 
left ventricular minute work (Table 3). Myocardial 
oxygen consumption showed little change in two 
(cases 11 and 13) but fell in the other three patients 
by 15 per cent (case 10), 25 per cent (case 9), and 
30 per cent (case 12). There was a major increase 
in myocardial lactate extraction after propranolol 
in only one—the patient (case 12) who sustained the 
largest fall in oxygen consumption. 
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Discussion 


The normal myocardium derives the majority of 
its energy supply from the oxidation of free fatty 
acids, glucose, and lactate, with small contributions 
from the oxidation of ketone bodies and pyruvate.*? 
These substrates are extracted by the heart from 
arterial blood in proportion to their concentrations. 
In our patients, at the lowest pacing rate myo- 
cardial substrate extraction was broadly similar to 
results reported in normal subjects?4-?* and the 
total of the oxygen extraction ratios exceeded 
100 per cent; thus myocardial oxygen consumption 
could be accounted for by the complete oxidation 
of the substrates extracted. That the total exceeded 
100 per cent may have been a result of inaccuracy 
in calculated free fatty acid oxygen extraction 
ratio, as complete oxidation is not the invariable 
fate of extracted free fatty acids.?" 

Lactate by oxidation and glucose by glycolysis 
are both converted to pyruvate, which the heart 
can also extract from arterial blood. If pyruvate 
cannot be oxidised it is converted to lactate, and 
the production of lactate and its release into 
coronary venous blood are characteristic findings 
in ischaemia.*® At the lowest pacing rate all our 
patients had high lactate and pyruvate extraction 
ratios. ‘As heart rate increased extraction ratios 
remained high in eight patients, but in five fell 
progressively to levels comparable to those observed 
during pacing-induced angina in patients with 
coronary artery disease studied in the laboratory.'? 
In normal subjects myocardial extraction of carbo- 
hydrates is related inversely to free fatty acid 
concentration?! and ketone body extraction. For 
this reason it is difficult to define a lower limit of 
lactate extraction below which ischaemia can be 
diagnosed confidently, and considered in isolation 
the extraction ratios measured at the middle pacing 
rates in the five patients who subsequently became 
ischaemic were not definitely abnormal. However, 
this decline could not be explained by changes 


Table 3 Effects of propranolol at highest pacing rate upon five patients with low or negative lactate extraction ratios 











Case LVMW MVO, Efficiency CSF co Lactate extraction 
no. (kg mimin) (ml[min) (96) (ml[min) (I/min) CSF/CO% ratio (%) 
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

9 3:6 23 22:0 16:4 9-7 T8 202 174 315 2:98 6:4 58 -10:5 -346 
10 4:99 3:49 92-4 778 3:3 27 948 780 4:99 3:49 19-0 22:4 ~18-7 43 
1i 2:38 2:30 43-6 44-1 3-3 3:1 532 519 2:83 2772 18:8 19:1 25 6:6 
12 7-95 467 47-0 33-0 10:2 85 470 331 3-96 3-83 11-9 8-6 27 45:8 
13 47 36 22-0 20-0 13-0 10°7 229 229 41 28 5.9 -33-4 —46:4 





LVMYW, left ventricular minute work; MVO,, myocardial oxygen consumption; CSF, coronary sinus blood flow; CO, cardiac output. 
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in free fatty acid or ketone body extractions. Thus 
we identified a group of patients with HOCM and 
angiographically normal coronary arteries in whom 
pacing provoked a progressive decline in aerobic 
carbohydrate metabolism and frank ischaemia at the 
highest pacing rate, suggesting that myocardial 
oxygen demand began to exceed supply even after 
a small increase in heart rate. 

Four patients who had a history of angina of 
effort had normal myocardial lactate extraction on 
pacing. In patients with coronary artery disease 
pacing is less effective than exercise as a means of 
provoking evidence of ischaemia.?? This may be 
particularly true in HOCM, as exercise may 
increase outflow obstruction? and hence ventri- 
cular systolic pressure, whereas in this study 
ventricular pressure tended to fall as pacing rate 
increased. 

Although we were able to separate our patients 
into two groups on the basis of pacing-induced 
changes in lactate and pyruvate extraction, this 
does not imply the existence of two distinct varieties 
of HOCM. There were no consistent haemo- 
dynamic differences between the two groups. The 
abnormal geometry and regional variation of wall 
thickness preclude the estimation of left ventricular 
mass, so a formal comparison of severity of hyper- 
trophy could not be made. In only one of the 
patients with abnormal lactate extraction, however, : 
was hypertrophy confined to the interventricular 
septum, and none of the patients with normal lactate 
metabolism had the massive hypertrophy seen in 
cases 10 and 12. 

Before discussing coronary sinus blood flow and 
myocardial oxygen consumption, the method of 
their estimation should be considered. Coronary 
sinus flow approximates to the blood supply of the 
left ventricle?! though this has not been sub- 
stantiated in HOCM. If the Ganz catheter is sited 
too proximally in the coronary sinus, then flow is 


overestimated because of reflux of atrial blood; this 
error can be excluded by injecting cold saline into . 
the right atrium. Flow is underestimated by about 
30 per cent if the catheter is advanced beyond the 
entry of the posterior interventricular vein." The 
accuracy of constant infusion thermodilution has 
been established for flows up to 500 ml/min"; 
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Fig. 7 Left ventricular end-diastolic pressure at each 
pacing rate in the ischaemic and non-ischaemic patients. 
Open symbols, before propranolol; closed symbols, 
after propranolol. 
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one of our patients had flows in excess of this value. 
Under these circumstances small changes in 
temperature have a large effect upon calculated 
flow, so the absolute values of flow and hence 
myocardial oxygen consumption are liable to be 
inaccurate. Despite these limitations it is unlikely 
that the large differences observed between patients 
were solely the result of methodological error. 

When the results for all 13 patients were con- 
sidered together, myocardial oxygen consumption 
could not be related to gradient, or to any index 
of ventricular work. As oxygen consumption was 
not normalised for ventricular mass, the range 
of values may reflect large differences in severity of 
hypertrophy, as in other causes of hypertrophy 
oxygen consumption is related to ventricular 
mass." If this were the explanation then it would 
follow that hypertrophy was not related to work or 
obstruction, and this lack of correlation is well 
documented in HOCM.? ! 

'The disparity between external work and myo- 
cardial oxygen consumption can be examined by 
estimating myocardial efficiency. Only two of the 
patients studied had normal efficiency (approxi- 
mately 40%), and it is of interest that in both 
cases hypertrophy was limited to the septum. Low 
efficiency in the other patients was not a result of 
dissipation of energy by outflow obstruction, as 
left ventricular body systolic pressure was used to 
calculate minute work, but might have been the 
result either of reduced efficiency in the production 
of energy from the oxygen consumed, or in the 
conversion of this energy into measurable external 
work. The former possibility is unlikely, as oxi- 
dation of the substrates extracted would account for 
measured oxygen consumption. The oxygen cost 
of external work is increased by ventricular 
dilatation,” but, as is usual in HOCM, our patients 
had small or normal sized ventricular cavities. 
Recent studies upon the shape of the septum?! and 
fibre disarray in HOCM* ** have suggested that 
areas of the myocardium may contract isometrically 
during systole, and as a consequence of the shape 
of the septum isometric contraction would not 
increase intraventricular pressure. Under these 
circumstances the oxygen consumed by some areas 
of the myocardium would not produce measurable 
external work, resulting in low myocardial efficiency. 

The patients with the four highest values of 
myocardial oxygen consumption had the four 
lowest values of efficiency, and all developed 
ischaemia on pacing. The other patient who 
became ischaemic had relatively low myocardial 
oxygen consumption and normal efficiency, but 
as the heart rate increased, coronary sinus flow 
reached a plateau, failing to rise with the final 
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increment in heart rate. Of the five patients who 
became ischaemic on pacing, only one showed 
progressive rises in coronary sinus flow with each 
increment in heart rate, whereas this pattern was 
seen in each of the other eight. In severe hyper- 
trophy caused by tight aortic stenosis there is 
evidence to suggest that the coronary vasculature 
is near maximal dilatation at rest.? Aortic diastolic 
pressure was not measured in all patients at all 
pacing rates, so coronary vascular resistance has 
not been calculated, but in the two patients whose 
coronary sinus flow barely changed with pacing 
(cases 12 and 13) aortic pressure did not fall as 
heart rate increased, implying that the coronary 
vasculature failed to dilate sufficiently in response 
to pacing. 

No single factor predicted which patients became 
ischaemic on pacing, but each of the five that did 
had at least one of the following features, none of 
which was seen in the other eight patients: high 
myocardial oxygen consumption (> 18-7 ml/min) 
and low efficiency (< 15°) at the lowest pacing 
rate, or a failure of coronary sinus flow to increase 
with each increment in heart rate. 

The beneficial effect of beta-blocking drugs 
upon angina may result from reduction of myo- 
cardial oxygen demand secondary to their haemo- 
dynamic actions." When heart rate is controlled 
by pacing, beta-blockade has little effect upon 
myocardial oxygen consumption,'! *? but may still 
improve lactate extraction or anginal threshold!" © 
in patients with coronary artery disease, suggesting 
that it modifies the metabolism of ischaemic 
myocardium independently of haemodynamic 
effects. This might be a result in part of reduction 
of arterial free fatty acid concentration.“ 

In this study propranolol did not change myocar- 
dial lactate extraction. Its lack of effect upon the 
non-ischaemic patients was not surprising, as their 
consistently high lactate and pyruvate extraction 
ratios suggest that aerobic carbohydrate metabolism 
before the drug was not limited by lack of oxygen 
or high rates of free fatty acid catabolism. In two 
ischaemic patients (cases 11 and 13) propranolol had 
little effect upon oxygen consumption, coronary 
sinus flow, or lactate extraction. Thus in these 
patients there was no evidence that propranolol 
had a direct effect upon the metabolism of ischaemic 
myocardium. Reduction of 15 and 25 per cent in 
myocardial oxygen uptake after propranolol (cases 
9 and 10) was not accompanied by a major change 
in lactate extraction; the decrease in oxygen demand 
was balanced by a commensurate decrease in supply. 
If the coronary vasculature were maximally dilated, 
and the length of diastole fixed by pacing, then after 
propranolol coronary flow would fall in proportion 
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to cardiac output. In these two patients coronary 
sinus flow expressed as a percentage of cardiac 
output was similar before and after the drug. 
While the reduction of myocardial oxygen con- 
sumption by propranolol was probably a result of 
decreased. pressure-work and contractility, the 
accompanying fall in cardiac output may have 
been the reason for the failure of decreased oxygen 
demand to abolish ischaemia. The only patient in 
whom propranolol had a distinct beneficial effect 
upon- lactate extraction (case 12) sustained a large 
fall in myocardial oxygen consumption but only 
a minor reduction in cardiac output after the drug. 

-Pacing of the normal heart reduces left ventri- 
cular end-diastolic pressure‘! 4* whereas in our 
patients it rose between the lowest and highest 
pacing rates. In patients with coronary artery 
disease pacing-induced ischaemia may be associated 
with an increase in end-diastolic pressure, ? but 
in this study pressure rose both in ischaemic and 
non-ischaemic patients. After propranolol, end- 
diastolic pressure was lower at the highest pacing 
rate, and this reduction could not be explained by 
relief of ischaemia. Propranolol increases diastolic 
ventricular compliance in HOCM,? and the fall in 
end-diastolic pressure reported here may have 
been a result of this effect. The mechanism by which 
propranolol improves compliance in HOCM is 
not known; our results suggest that it is not related 
to relief of ischaemia. 

We conclude that ischaemia in HOCM is a 
consequence either of high myocardial oxygen 
demand, which is excessive for the external work 
performed, or the inability of coronary flow to 
increase appropriately with heart rate. When 
heart rate is controlled by pacing propranolol 
does not influence either of these problems; nor 
does it appear to have a direct beneficial effect 
upon myocardial metabolism. These results empha- 
sise, however, the possible deleterious effects of 
tachycardia in HOCM, and stress the value of 
using beta-blockade to reduce heart rate and 
prevent tachyarrhythmias. 
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Antibiotic prophylaxis against infective endocarditis 
after normal delivery — is it necessary ? 


D SUGRUE,* S BLAKE, P TROY, D MacDONALD 
From The National Maternity Hospital, Holles Street, Dublin, Eire 


SUMMARY During the years 1959 to 1978 inclusive 2165 women with rheumatic or congenital heart 
disease had vaginal deliveries at three large Dublin maternity hospitals. There were two (0-0997) cases 
of puerperal infective endocarditis, neither of which was unequivocally related to preceding childbirth 
during this period. Routine peripartum antibiotic prophylaxis was not given to either. 

A questionnaire of the practice of 19 obstetricians in Ireland showed that 12 (63%) gave antibiotics 
routinely during labour and after delivery in cardiac patients, five (26%) did not, and two (11%) used 
them occasionally. 

Peripheral vein blood was drawn serially from 0 to 30 minutes after vaginal delivery to determine 
the incidence of asymptomatic puerperal bacteraemia. A total of 299 cultures was obtained from 83 
normal women and single blood cultures were positive in three women (3:6% of patients, 1-0% of 
cultures). 

A review of the published reports showed that well-documented cases of infective endocarditis 
and of asymptomatic puerperal bacteraemia after normal vaginal delivery are uncommon. There is 
evidence that antibiotic prophylaxis may increase the risk of developing antibiotic-resistant endocarditis. 
Recommended prophylactic regimens carry a considerable risk of drug toxicity. These facts, coupled 
with a lack of direct evidence in support of the efficacy of antibiotic prophylaxis, suggest that routine 
peripartum antibiotic prophylaxis is not indicated. 


The occurrence of infective endocarditis after 
abortion,'-? the insertion of intrauterine contra- 
ceptive devices,‘ * and vaginal delivery9-1? is used 
as support for routine "antibiotic prophylaxis 
during normal labour and childbirth in patients 
with known heart disease. Published work provides 


little evidence -for the need, and none for the ` 


efficacy of antibiotics in preventing endocarditis. 
Prophylactic antibiotics have not been given 
routinely at delivery of cardiac patients at the 

National Maternity, Coombe Lying-In, and 

Rotunda Maternity Hospitals, Dublin, during the 

years 1959 to 1978. This report consists of three 

parts: 

(a) A survey by questionnaire in which obstetricians 
working in Ireland were asked about their 
practice in this regard. 

. (b) An investigation of the incidence of asympto- 
matic bacteraemia after vaginal delivery in a 
group of normal women. 

* Present address: Department of Clinical Cardiology, Hammer- 

smith Hospital, Du Cane Road, London W12 OHS. 

Received for publication 23 May 1980 


(c) A brief review of cases of infective endocarditis 
which occurred after delivery without antibiotic 
prophylaxis. 


Subjects and methods 


Details of pregnancies complicated by heart 
disease and cases of postpartum endocarditis 
were obtained from the Dublin Maternity Hospitals 
Annual Reports 1959 to 1978.44 

A questionnaire containing the following three 
questions was sent ta 19 obstetricians in Ireland: 
(a) Do you routinely prescribe antibiotics during 

labour and the puerperium in cardiac patients? 

(b) If yes, please give details. 

(c) Has there been a case of infective endocarditis 
after delivery at your unit during the past five 
years? 

Fifty non-cardiac patients had four blood 
cultures each, taken immediately after placental 
separation and five, 10, and 30 minutes later. 
Thirty-three patients had three cultures each, 
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one taken at placental separation and two within 
the following 10 minutes. Patients with prolonged 
rupture of membranes, those with overt infection, 
or those already taking antibiotics were excluded 
from the study. Five patients had forceps delivery, 
four had manual removal of the placenta, and the 
remainder had uncomplicated vaginal deliveries. 
Antecubital venepuncture was performed under 
aseptic conditions; 5ml blood were placed in 
culture bottles containing fluid thioglycollate 
medium. Bottles were incubated at 37°C and 
subcultures onto blood agar plates, incubated 
aerobically and anaerobically, were made within 
24 hours and again at 48 hours, 72 hours, and 10 
days. Growths were Gram-stained and identified. 


Results 


At the National Maternity, Coombe Lying-In, and 
Rotunda Hospitals, Dublin, during the years 
1959 to 1978 inclusive, 2165 women with rheumatic 
or congenital heart disease had vaginal deliveries. 
Nineteen obstetricians (100%) replied to the 
questionnaire. Twelve (63%) gave antibiotics 
routinely, five (26%) did not, and two (11%) used 
them occasionally, for example for instrumental 
delivery. “Among those who used antibiotics 
routinely, nine gave oral ampicillin during labour 
and for five days post partum; three did not state 
their choice of antibiotic. Only two respondents 
gave details of dosage; both used ampicillin 250 mg 
four times daily. 

Three blood cultures were positive from a total 
of 299 obtained from 83 patients, giving a positive 
isolation rate of 3-61 per cent for patients and 0-1 
per cent for cultures. The three positive cultures 
were all from different patients. One grew anaerobic 
Gram-negative bacilli and two a mixed growth. One 
of the positive cultures was obtained from a patient 
who had a manual removal; the other two were 


Table 1 Clinical details of two cases of infective 
endocarditis which occurred after vaginal delivery without 
antibiotic prophylaxis 








Age at Interval Heart lesion 
Case diagnosis between and NYHA Blood Maternal 
no. (y) delivery grade? culture outcome 
and diagnosis 
(h) 
1 33 12 +MS MR Negative Recovery 
grade IV 
2 29 48 MS MR Negative Recovery 
grade IV 


————————,— HR" 
-- MS, mitral stenosis; MR, mitral regurgitation | NYHA, New 
York Heart Association. 
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obtained after uncomplicated vaginal deliveries. 
All were considered to be of doubtful significance. 

Two cases of endocarditis had been recorded 
after vaginal delivery (Table 1). Neither had had 
antibiotic prophylaxis. The diagnosis was based 
on clinical features without confirmation by positive 
blood cultures and in each case a manual removal 
had been performed. An additional case of possible 
puerperal endocarditis in which prophylactic 
antibiotics had been used was reported in the 
survey by questionnaire. 


Discussion 


The results of the survey by questionnaire confirm 
the divergence of opinion on the need for routine 
antibiotic prophylaxis after normal vaginal delivery. 

The low rate of isolation of bacteria in the 
present study highlights the infrequency of 
asymptomatic puerperal bacteraemia. Even though 
the possible transience of bacteraemic peaks and 
subliminal concentrations of bacteria in blood 
may lead to underestimation of its true incidence, 
substantial bacteraemia was not seen to occur in 
any patient. 

Table 2 compares the incidence of puerperal 
bacteraemia in the present study with the incidence 
in four published series.4~!’ Thirty-six patients 
from a combined total of 1116 had positive cultures 
(3:23%). Twelve of these patients, however, had 
concurrent symptomatic infections giving a true 
incidence of asymptomatic puerperal bacteraemia 
after vaginal delivery of 2-15 per cent. In contrast 
to this, peripheral blood bacterial isolation rates 
after dental extraction have varied from 60 per 
cent! to 90 per cent and after genitourinary 
tract manipulation from 7-3 per cent!? to 85-9 
per cent.?? Isolation rates of this magnitude place 
cardiac patients at considerable risk of contracting 
endocarditis and fully justify routine antibiotic 
prophylaxis. The argument of high risk based on 
bacterial isolation rates cannot be used to justify 
routine prophylaxis after normal. delivery of cardiac 
patients, however. Moreover, such routine prophy- 
laxis may be harmful. Antibiotic resistance occurs 
in buccal commensal flora within 48 hours of 
administration?! and resistant streptococci persist in 
diminished numbers for several weeks,?? thereby 
enbancing the risk of antibiotic-resistant endo- 
carditis. Additional evidence to support a policy 
of non-administration of routine prophylactic 
antibiotics comes from Marquis at the Simpson 
Memorial Maternity Pavilion, Edinburgh.? In 
that hospital, peripartum antibiotic prophylaxis is 
only given when sepsis is suspected but infective 
endocarditis has not occurred after delivery in 
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Table 2 Incidence of puerperal bacteraemia in 1121 patients: present series and review of published reports 





Blood cultures 

















Authors Year No. of Total Time Per cent Organisms isolated 
, patients no. positive 
Burwell and Metcalfe 1948 17 74 Not stated — 
Readleaf and Fadell!* 1959 101 202 At delivery; within 24 h 7:2 Micrococcus and haemolytic streptococcus 
Baker et al.1* 1966 396 1779 At delivery; 12, 24, 48h 0-39 Esch coli, Aerobacter pseudomonas 
Baker and Hubbell!? 1967 519 2583 Delivery of placenta; 15 min, 0-77 Esch coli, Strep. viridans, bacteroides, 
30 min, 12h, 24h pseudomonas 
Present series 1979 83 299 Within 30 min of delivery — 0:1 Anaerobic Gram-negative bacilli, mixed 


growth 





over 1750 cardiac patients during a 25-year period. 

Review of the published reports showed a total 
of 27 cases of endocarditis after uncomplicated 
vaginal delivery.957?* The causative role of 
delivery in precipitating endocarditis was equivocal 
in many instances. It is noteworthy that both cases 
of postpartum endocarditis in the present series 
were culture negative, and in one instance the 
diagnosis was made within 12 hours of delivery, 
thereby casting some doubt on the causative role of 
this. The specific hazard of enterococcal endo- 
carditis after delivery has been cited as evidence 
in favour of routine peripartum antibiotic prophy- 
laxis.” 26 Eleven cases of pregnancy-related entero- 
coccal endocarditis have been reported,?* 27 28 but 
only one was unequivocally related to normal 
childbirth.?* The remaining cases followed abortion, 
caesarean section, or occurred during preg- 
nancy.27 28 

The occurrence of both cases of endocarditis 
and one case of asymptomatic bacteraemia after 
manual removal of the placenta suggests that this 
procedure does carry an increased risk of endo- 
carditis. Two additional cases of endocarditis 
after manual removal have been reported.? It is 
prudent therefore to give antibiotic prophylaxis 
in this situation. The regimen recommended by 
the American Heart Association?! is appropriate 
for this, that is penicillin G 2 000 000 units intra- 
muscularly plus gentamicin 80 mg intramuscularly, 
or ampicillin 1 g intramuscularly or intravenously 
30 minutes before the procedure. Vancomycin lg 
by intravenous infusion over 30 minutes plus 
streptomycin 1 g intramuscularly may be given to 
patients who are allergic to penicillin. The use of 
streptomycin however carries a risk of vestibular 
damage, a risk to which there is considerable 
individual variation in susceptibility and which 
is not entirely dose related.?? 

In the absence of any evidence in support of 
routine prophylaxis at normal delivery, coupled 
with the possible hazards of such a policy, we feel 


that this is not indicated in patients with heart 
disease. 


Dr Sugrue was supported by a grant from the 
National Maternity Hospital Research Fund. 


We thank Dr C M Oakley for helpful advice and 
criticism. 
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Importance of age in prehospital and hospital 
mortality of heart attacks 


R G WILCOX, J R HAMPTON 
From Department of Medicine, University of Nottingham 


SUMMARY Prehospital and hospital fatality rates were calculated for each 10-year age group of 2788 
patients transported to hospital with heart attacks. The prehospital fatality rate rose progressively from 
4 per cent in the youngest age group to 45 per cent in the oldest. There was no age-related difference 
between the groups in the interval between the onset of symptoms and the first call for help, and a 
similar proportion of each group summoned a general practitioner. Among those admitted to hospital 
there was a progressive rise with age in the proportion eventually found to have had a definite or probable 
myocardial infarction, and among such patients the hospital fatality rate rose from 8 per cent in the 
youngest group to 35 per cent in the oldest. There was a progressive rise with age in the symptoms and 
signs of, and treatment for, heart failure. 

Reported fatality rates from myocardial infarction can only be interpreted if the ages of the patients 
are known in detail. ` 


The importance of taking into account a patient’s 
age when assessing his chances of surviving a myo- 
cardial infarction was pointed out by Peel in 1955.1 
Since then age has been incorporated into several 
“prognostic indices"?-5 yet papers continue to 
appear which claim very low hospital fatality rates 
for patients with myocardial infarction with little 
or no mention of the age of the population studied. 7 
In this paper we re-emphasise the extreme im- 
portance of the patients’ ages in any study of the 
outcome of myocardial infarction. 


Methods 


All patients who required admission for emergency 
medical problems in Nottingham and its surround- 
ings are referred to the two teaching hospitals. 
During a four-year period between 1973 and 1977 
data were collected daily by a non-medical graduate 
research assistant on all patients referred to these 
hospitals with suspected heart attacks. The patients 
were identified from ambulance and hospital ad- 
mission records, and were followed up until they 
died in, or were discharged from, hospital. Coroners' 
records were inspected for any patient who died 
before admission, so that those who had had a 
myocardial infarction could be identified. 

After a patient's death or discharge the data 
Received for publication 16 May 1980 


collected, together with copies of all electrocardio- 
grams and the discharge summary or necropsy 
report, were inspected by a physician (JRH) and 
the patient was either excluded from the study if he 
or she had been found to have some disease other 
than a heart attack, or was placed in one of the 
following five diagnostic categories. 


(i) Definite myocardial infarction—patients with a 
convincing history of myocardial infarction together 
with unequivocal electrocardiographic abnormalities 
(appearance of Q wave and sequential ST segment 
changes) and a rise in cardiac enzyme values to 
greater than double the normal upper limit. 
Patients were also included in this category if there 
was definite necropsy evidence of myocardial 
infarction. 


Gi) Probable myocardial infarction—patients with 
a convincing clinical history together with either 
unequivocal electrocardiographic abnormalities or a 
rise in plasma cardiac enzyme levels to greater than 
twice the normal upper limit. Patients were also 
included in this category if there was necropsy 
evidence of coronary artery disease but no other 
cause was found for death. 


(iii) Possible myocardial infarction—patients with a 
convincing history together with an abnormal 
electrocardiogram that was not typical of recent 
myocardial infarction, or a rise in serum enzyme 
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Table 1 Number of patients in each 10-year age group who were found dead on arrival in hospital 








Age group <34 35- 45- 55- 65- 75- $5- Total 
Number of patients 23 156 588 886 810 283 42 2788 
96 men 78 89 84 78 68 51 52 74 
% patients at home when 
symptoms began 68 62 63 66 69 72 80 67 
Dead on arrival at hospital = 
(%) 1 (4%) 23 (15%) 89 (15%) 189 (2195) 261(32%) 123 (43%) 19 (45%) 705 (25955 





levels which did not reach twice the upper limit of 
normal. 

(iv) Ischaemic heart disease—patients with a clear 
history of previous myocardial infarction or angina, 
together with an abnormal electrocardiogram but 
nothing to suggest a recent change, and with normal 
serum enzyme values. 

(v) Chest pain of uncertain cause—patients for 
whom no adequate diagnosis could be made. 

Categories (i) and (ii) combined correspond 
approximately to the WHO definition of definite 
myocardial infarction. 

The data were transferred to 80 column cards 
and analysed by computer. 


Results 


(1) PREHOSPITAL EVENTS 

Studies were made on 2788 patients, and Table 1 
shows the number in each 10-year age group. Of the 
patients aged 44 and below, 87 per cent were men, 
but with increasing age the proportion of women 
rose and in the groups aged 75 or over, and 85 or 
over, there were equal numbers of men and women 
(Table 1). Seven hundred and five (25%) patients 
were found to be dead on arrival at hospital, and the 
prehospital fatality rate increased progressively with 
age so that among the oldest age group 45 per cent of 
the patients were dead on arrival. Within each age 
group the prehospital fatality rate was similar for 
men and for women. 

Table 1 shows that in all age groups except the 
two oldest, about two-thirds of the patients called 
for help from their homes. In most cases the 
symptoms of the heart attack began while the patient 


was at home, but among the younger age groups 
there were some patients who developed chest pain 
at work but delayed calling for help until they had 
returned home. The first call for help was made toa 
general practitioner by 1390 (50%) of the patients 
and for the remainder an emergency ambulance was 
summoned directly by a member of the public. 
There was a distinct difference in this respect 
between patients who were found to be dead on 
arrival at hospital and those who were admitted. 
Among those who died before admission a general 
practitioner was called to between 0 and 13 per cent 
of the different age groups, without any age-related 
pattern. Among those who were admitted to hospital, 
the initial call for help was made to a general 
practitioner in 62 to 67 per cent of patients. More 
elderly patients were found dead on arrival at 
hospital, so in the group as a whole emergency 
ambulances were summoned to a higher proportion 
of elderly people. 

There were also distinct differences between those 
patients who were dead on arrival and those who 
were admitted to hospital in terms of the interval 
between the onset of symptoms and the first call for 
help. Among those found dead on arrival, an 
ambulance had been summoned within 30 minutes 
of the onset of symptoms for between 69 and 89 
per cent of patients in the different age groups. No 
information could be obtained in 106 (15%) of these 
705 patients, mainly because they lived alone and 
were found dead; there was, however, no trend to 
suggest that the older patients who were dead on 
arrival at hospital delayed longer than the younger 
ones before calling for help. There was a much 
greater interval between the onset of symptoms and 


Table 2 Duration of symptoms before the call for help among patients admitted to hospital 











Age group $34 35- 45- 55- 65m 75- 85- 
Call for help (cumulative %) 
Within 30 minutes 4 25 16 16 20 16 16 
Within 1$ hours 44 42 38 37 40 35 48 
Within 4 hours 48 68 58 57 59 68 54 
Within 10 hours 75 80 71 72 66 85 81 
96 calling for help after 10 hours 25 20 29 28 34 15 19 
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% Patients 





A €34- 35- 45- 55- 65- 75- 85- 
f Age (years) 


the first call for help among patients who reached 
hospital alive than among those who were found 
dead on arrival. Table 2 shows the intervals between 
the onset of symptoms and the call for an ambulance 
in the patients who were admitted to hospitals and 
in whom the duration of the symptoms was known 
(96:4% of those admitted). There was no difference 
between the age groups, 50 per cent of each group 
having called for help by between one and a half and 
four hours after the onset of symptoms. The time 
taken for an ambulance to respond to the call and to 
transport the patient to hospital was also similar in 
each group, and there was nothing to suggest that 
elderly people were handled with less urgency than 
younger ones. 


(2) HOSPITAL EVENTS 

The Figure shows that with increasing age the 
proportion of patients eventually found to have had 
definite, probable, or possible myocardial infarctions 
increased progressively from 54 per cent in those 
aged 34 or less, to 87 per cent in those aged 85 or 
more. The proportion of patients eventually con- 
sidered to have ischaemic heart disease without 
infarction varied from 9 to 14 per cent without any 


.— Definite and Probable infarction 
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Pepa Chest pain ? cause 


—— Possible infarction 


Fig. Percentage of patients in 
each age group with the different 
diagnostic categories of heart 
attack. 


age-related pattern, but the proportion of patients in 
whom no adequate cause of chest pain could be 
found fell from 36 per cent in the youngest patients 
to 4 per cent in the oldest. 

Table 3 shows the number of people in each age 
group who were admitted to hospital, who had a 
diagnosis of definite or probable myocardial in- 
farction, and who died from their infarction. The 
fatality rates from myocardial infarction. show a 
small increase to age 64 years, and a pronounced 
increase thereafter. The death rate from myocardial 
infarction was 31 per cent in patients aged 65 years 
or more, and 16 per cent in those aged 64 years or 
less. Patients aged 65 or more accounted for 35 per 
cent of all admissions, 38 per cent of all infarctions, 
and 55 per cent of all the deaths from infarction. 

The proportion of patients known to have had 
previous myocardial infarction varied from 8 to 31 
per cent in the different age groups (mean for all 
ages, 28%), and there was no age-related trend. 
Similarly there was no age-related pattern of 
difference in the numbers of patients recorded as 
complaining of chest pain (87 to 96% in the different 
age groups) or of breathlessness (38 to 58%). Table 
4 shows that there was no age-related pattern in the 


Table 3 Number of patients in each-age group who were admitted to hospital, number who had definite or 
probable myocardial infarction, and % deaths among those with either definite or probable infarction 








Age group x34 35- 45- 55- 65- 75- 85- Total 
Number of ‘patients 22 133 499 697 549 160 23 2083 
Patients with definite or probable infarction 12 92 381 550 472 132 20 1659 
Deaths in hospital 1 16 48 98 138 s s 7 359 
Deaths as % of patients with definite or 

probable infarction 8 17 13 18 29 39 35 22 
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Table 4  Electrocardiographic position of infarction in patients with definite or probable myocardial infarction 








Age group <34 35- 45- 55- 65- 75- 85- Total 
Number of patients 12 92 381 550 472 132 20 1659 
Percentage with anterior or lateral infarction 83 47 48 51 47 52 35 49 
Percentage with inferior or posterior infarction 17 37 42 39 33 24 25 57 
Percentage with no definite electrocardiographic 

evidence of infarction 0 16 10 10 20 24 40 14 





proportion of patients of different ages with anterior 
infarctions on the electrocardiogram but a slightly 
lower proportion of the older patients had inferior 
infarcts. Table 5, however, shows that with in- 
creasing age more patients were found to have 
raised jugular venous pressure, peripheral oedema, 
basal lung crepitations, or an arrhythmia of some 
kind. Elderly patients were more often given 
digoxin and diuretics than younger ones. 

The average duration of hospital stay in the whole 
group was 10 days. Nine per cent of those aged 
75 to 84, and 16 per cent of those aged 85 or over, 
stayed in hospital more than three weeks, but less 
than 5 per cent in all other age groups were kept 
in hospital for this length of time. 


Discussion 


If an ambulance is called to a patient with sus- 
pected myocardial infarction the patient's chances 
of dying depend on his age. There are more pre- 
hospital deaths among old people than among 
young ones, and there is a higher hospital mortality 
from myocardial infarction among the elderly. 
"Though we collected data on all the patients trans- 
ported to hospital by ambulance, ours was not a 
complete community study, for we have no informa- 
tion about the patients who had undiagnosed 
myocardial infarction and survived, or who had 
fatal infarction, death being certified by a general 
practitioner who summoned a hearse rather than an 
ambulance, or about those in whom infarction was 
,diagnosed but who were treated at home. Never- 
theless, our results are similar to those of smaller 


studies where all cases of myocardial infarction 
have been registered. 

It is clear that the effect of age on mortality is not 
caused by the behaviour of the patients or their 
doctors. In all age groups except the very old about 
two-thirds of patients were at home when they de- 
veloped their symptoms. Similar proportions of 
each age group called for help from a general 
practitioner. The delay between onset of symptoms 
and a call for help was not affected by age, nor did it 
alter the speed of the response by the ambulance. 
We have previously shown that though old people 
are less likely to be admitted to a coronary care unit 
than young ones, this does not influence mortality.? 

The only things that seem to characterise the 
elderly patients with myocardial infarction are 
greater frequencies of heart failure and arrhythmias 
than in the younger ones. The increasing frequency 
of heart failure in the older age groups might be 
related to the increasing fatality rate with age in one 
of two ways. First, older people may suffer more 
myocardial damage than young ones when an in- 
farction occurs, so that the infarction causes both a 
higher fatality rate and an increased incidence of 
heart failure in those who survive. Alternatively, 
older people may be more likely than younger ones 
to have pre-existing heart failure from a variety of 
causes, so that an infarction is less well tolerated. 

A district general hospital that admits all types of 
patients with heart attacks is likely to deal with many 
more elderly people than a specialist cardiac centre, 
to which young patients will almost certainly be 
selectively referred. 'There is little convincing 
evidence that during the past 10 years hospital 


Table 5 Percentage of patients in different age groups with various clinical signs on admission, percentage in whom 





arrhythmias were detected, and percentage given digoxin and diuretics during hospital stay 





Age group x34 35- 45- 55- 65— 75~ 85- 
Number of patients 22 133 499 697 549 160 23 
Percentage with raised jugular venous pressure 9 10 11 19 22 30 33 
Percentage with peripheral oedema 0 1 6 5 14 20 35 
Percentage with any arrhythmia 22 25 26 32 38 32 52 
Percentage given digoxin 27 20 22 35 37 46 39 
Percentage given diuretics 27 21 36 49 56 70 43 
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admission has led to a real reduction in mortality 
rates from myocardial infarction!? and claims of very 
low fatality rates from specialist centres must be 
regarded with caution unless detailed information 
is provided about the age of the patients treated. 
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Changes in red cell deformability and other 


haemorrheological variables after 


myocardial infarction 


A J DODDS, M J BOYD, JUDITH ALLEN, E D BENNETT, P T FLUTE, 


J A DORMANDY 
From St George’s Hospital Medical School, London 


SUMMARY  Haemorrheological variables were studied in 43 patients after acute myocardial infarction. 
Red cell deformability, by a filtration method, was significantly lower within 12 hours of infarction than 
subsequently. This drop was greater in the presence of haemodynamic complications. Blood viscosity, 
particularly when adjusted to a standard haematocrit, rose in the week after infarction, as did plasma 
viscosity and plasma fibrinogen. Haematocrit, however, fell over this period. These changes could 
increase myocardial ischaemia and lead to extension of the area of infarction. 


Myocardial infarction is an important cause of death 
in Western communities.1 Though there is still 
disagreement on the pathogenesis of the vascular 
occlusion, current interest lies in limiting the ulti- 
mate size of the infarct by preventing extension 
into the surrounding area of marginal ischaemia. 
Changes in the physical flow properties of blood 
may have an important influence on blood flow and 
oxygen supply to ischaemic myocardium.? The 
purpose of this study was to examine the changes 
in red cell deformability and other haemorrheologi- 
cal variables after acute myocardial infarction. 


Patients and methods 
Forty-three patients with myocardial infarction (35 


men, eight women; age range 33 to 76 years; mean 
Received for publication 9 May 1980 


age 58:6 years) admitted consecutively to the 
intensive care unit were studied. Requirements for 
a diagnosis of myocardial infarction were two or . 
more of the following: (a) typical history; (b) an 
increase in the serum aspartate transaminase or 
serum hydroxybutyrate dehydrogenase concentra- 
tion to more than twice the upper limit of normal 
within three days of admission; and (c) characteristic 
evolutionary electrocardiographic abnormalities. 
Samples of blood were drawn from an ante- 
cubital vein using a 21 G needle without cuff 
occlusion: 20 ml was anticoagulated with solid 
lithium heparin (12-5 units/ml) for rheological 
studies and 5 ml with 0-5 ml of 3-8 per cent trisodium 
citrate solution for plasma fibrinogen estimation. 
Collections were made one, three, five, and 10 days 
after the presumed infarction indicated by the 
history. Samples were not collected at weekends, 


Table Haemorrheological variables after myocardial infarction (mean -- SEM) 








Day 0 Day 1 Day 3 Day 5 Day 10 
Blood viscosity 0°77/s (mPa/s) 2677 x21 29-6 415 317 41-4 29-6 41-4 28-6 41-0 
Blood viscosity (C) 0-77/s (mPa/s) 263 21.5 30:1 +1-0* 33-9 +0-9f 33-9 1124 32:8 x1-0*** 
Blood viscosity 2:62/s (mPa/s) 153 41-1 16:8 x0-6 16-6 0-7 16-6 +06 16:3 40-7 
Blood viscosity (C) 2-62/s (mPa/s) 145 +0-7 16:7 +0-4*** 17:3 x0-4*** 18-0 x0-6$ 17-8 +0-5$ 
Blood viscosity 91/s (mPa/s) 4:8 40-2 48 40-1 5:0 +0-1 48 40-2 47401 
Blood viscosity (C) 91/s (mPa/s) 47 40-1 49 20-1 5-1 40-1* 5-120-1* 5-1 40-1* 
Plasma viscosity (mPa/s) 1-41 40-03 1-45 40-02 1:52 x0-02*** 1:54 +002} 1-60 20-021 
Haematocrit (96) 45:0 +1-1 44:0 «0-9 43-1 x0-7 41-7 +0-6** 41:3 x0-7** 
Plasma fibrinogen (g/l) 43:203 46202 6:3 x0-2t 6-9 «0-31 6:3 +03} 
Deformability index 0-22 10-04 0-49 £0-05+ 0-55 40-03 0-56 +0-03£ 0-63 10-021 
n 17 33 39 38 36 
(C) adjusted to a standard haematocrit (45%). 
*p»«0-05. **p«0-02. *** p «0-01. Tp«0005. tp«0001 when compared with day 0. 
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Changes in red cell deformability after myocardial infarction 


and some final samples were not collected because 
of death or discharge from hospital. Seventeen 
patients had an additional sample drawn within 12 
hours of infarction (day 0). 

Red cell deformability was assessed by a filtration 
method previously described? in which a 5 per cent 
suspension of red cells in autologous prefiltered 
plasma was passed through individual 5 ym 
Nuclepore polycarbonate sieves (Nuclepore Cor- 
poration, Pleasanton, California, USA). The 
deformability index was defined as the fraction of 
1 ml of this suspension filtered in 60 s. 

Whole blood viscosity at shear rates of 0-77/s, 
2:62/s, and 91/s together with plasma viscosity 
were measured at 37°C using a Contraves low 
shear 2 rheometer.* The results were also adjusted 
to a standard haematocrit of 45 per cent.* Plasma 
fibrinogen by a clot weight method,? and micro- 
haematocrit were also measured. 

Student's t test (two-tailed) was used for statistical 
analysis. 


Results 


The results for the whole group are contained in 
the Table. Red cell deformability was lowest on 
day 0, rising significantly by day 1, with small 
increases thereafter (p < 0-001) (Fig. 1). The earliest 
deformability index determined (day O or 1) was 
lower in 11 patients with radiological alveolar or 
interstitial pulmonary oedema on admission (0-22 + 
0-07 SEM) than in patients without oedema 
(0-47 4:0-05 SEM) (p « 0-01) (Fig. 2). Five patients 
with cardiogenic shock (systolic blood pressure 
« 100 mmHg, cool peripheries, oliguria) had lower 
earliest deformability indices (0-11 +004 SEM) 
than those without shock (0-44+0:05 SEM) 


o o 
a o 


Deformability index 
ie] 
aS 


p<0-001 


2 3 4 5 10 
Days after infarction 


Fig. 1 Change in red cell deformability after 
myocardial infarction (mean +SEM). The day 

0 value is significantly different from the values on all 
other days. 
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Fig. 2 Earliest deformability indices in those with 
radiological pulmonary oedema on admission compared 
with those without oedema and those with cardiogenic 
shock compared with those not shocked (mean X- SEM). 


(p «0-02). Three of those with shock died within 
two weeks of infarction (indices 0, 0, 0-22). 

Whole blood viscosity, when adjusted to a 
standard haematocrit, increased significantly by the 
third day at each of the three shear rates. The 
greatest increase occurred at the lowest shear rate, 
where there was a 29 per cent rise over the initial 
reading. Plasma fibrinogen and plasma viscosity 
also showed significant increases by the third day. 
Haematocrit, however, decreased, being 10 per cent 
lower on the fifth day. Whole blood viscosity 
without correction for haematocrit did not change 
at the highest shear rate and showed only insignifi- 
cant rises at the other shear rates. 

Patients sampled on day 0 did not appear to be 
a select group because they did not differ sig- 
nificantly from other patients in peak cardiac 
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enzyme concentrations or in the haemorrheological 
values measured on the subsequent days. 


Discussion 


Myocardial ischaemia has been associated with 
abnormal blood rheology in a number of reports.? 7 
After myocardial infarction, whole blood viscosity, 
plasma viscosity, and plasma fibrinogen have been 
shown to be raised.? * In previous reports red cell 
deformability has only been assessed by a visco- 
metric method. We have chosen microfiltration 
which we believe to be a better model of the 
microcirculation. Further, we have used red cells re- 
suspended in autologous plasma to include the 
influence of plasma proteins and other plasma 
factors on red cell deformability. 

In this study we have confirmed previous obser- 
vations on the changes in blood viscosity after 
myocardial infarction. A significant increase in 
whole blood viscosity at low shear rate was found 
when adjusted to a standard baematocrit. The rise 
in whole blood viscosity, however, at the low shear 
rate when not adjusted for haematocrit did not 
quite reach significance. The explanation appeared 
to be the opposing influences of a rise in plasma 
fibrinogen and a fall in haematocrit. A reduction in 
haematocrit will lead to a reduction in blood 
viscosity whereas a rise in plasma fibrinogen 
concentration will increase red cell aggregation, and 
thus increase blood viscosity measured at low shear 
rates.! Increased blood viscosity could well alter 
blood flow and oxygen delivery to ischaemic 
myocardium.? It is now established that an area of 
ischaemic tissue exists around a central area of 
infarction. Maintenance of blood flow to this 
region may be crucial in limiting the ultimate 
infarct size. As blood flow in the coronary circula- 
tion is predominantly diastolic, and thus over a 
relatively small pressure difference, even a small 
increase in blood viscosity at low shear rates could 
further reduce flow.? Y 

The most striking observation in this study is 
the low red cell deformability, as indicated by the 
reduced proportion of red cells able to pass a 5 um 
filter, during the first 12 hours after myocardial 
infarction. This phenomenon was most pronounced 
in the presence of haemodynamic complications, 
particularly cardiogenic shock. Factors other than 
red cell deformability that might impair filtrability 
of red cells are unlikely to explain this finding. 
Buffy coat removal and plasma filtration before re- 
suspension of cells avoid filter plugging by leuco- 
cytes. Use of a dilute red cell suspension minimises 
red cell interaction and resulting rouleaux or 
aggregates. Indeed, were the latter a major factor, 
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the increased aggregability by day 3, indicated by 
the rise in whole blood viscosity at the lowest shear 
rate after correction to a standard haematocrit, 
would have further impaired filtrability. In fact 
the filtration of red cells had returned to almost 
normal by the third day, supporting the concept 
that filtration changes primarily reflect changes in 
red cell deformability. In vivo, normal deformability 
allows red cells, whose greater diameter usually 
exceeds 7 um, to pass through segments of capillaries 
as narrow as 3 um in diameter.!? A reduction in 
deformability could lead to impaired perfusion in 
the microcirculation and this may be particularly 
important in an area of myocardial ischaemia where 
acidosis would further impair red cell deform- 
ability.!? 

The changes we have described are most likely 
to be secondary and not related to the pathogenesis 
of the infarct. They could well aggravate the 
ischaemia in the myocardium, however, and lead to 
extension of the area of infarct. Treatment designed 
to prevent or reduce these effects may be an 
approach to explore in the immediate management 
of myocardial infarction. 
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R wave amplitude during exercise 


Relation to left ventricular function and coronary 
artery disease 


* 


D W BARON,* C ILSLEY,t I SHEIBAN, P A POOLE-WILSON, 
A F RICKARDS 


From the National Heart Hospital and Cardiothoracic Institute, London 


SUMMARY Change in R wave amplitude (mean AR) was measured sequentially during and after 12 lead 
maximal treadmill exercise tests in 14 subjects with normal coronary arteries and 62 patients with 
coronary artery disease. In normal subjects mean AR decreased maximally one minute after exercise 
and returned to control levels within three minutes. In contrast, meanAR increased in patients with 
coronary artery disease, the greatest change occurring in patients with either triple vessel or left main 
disease or those with an akinetic region on the left ventriculogram. R wave amplitude returned to 
resting levels in five minutes. Increase in R wave amplitude was not directly related to changes in the 


ST segment. 


Changes in R wave amplitude during maximal treadmill exercise may improve the discrimination 
between patients with and without coronary artery disease and may help to identify those patients 


with abnormal left ventricular function. 


Mathematical models of electrical activity of the 
heart predict that changes in intraventricular 
volume will be associated with changes in R wave 
amplitude measured by the surface electrocardio- 
gram, an increase or a decrease of volume giving 
rise to a corresponding change of R wave ampli- 
tude.'-? Animal experiments when intraventricular 
volume was manipulated by acute haemorrhage and 
overtransfusion have confirmed this prediction.* 
In man similar observations have been reported 
after acute surgical blood loss.5 

More recently, changes in R wave amplitude 
have been studied during exercise.*-* Measured in 
a single electrocardiographic lead, R wave amplitude 
decreased in normal subjects while an increase or 
no change was seen in patients with coronary artery 
disease. These investigators concluded that R wave 
amplitude criteria, in conjunction with ST segment 
depression, improved both the sensitivity and 
specificity of exercise testing. 

The purpose of this study was to measure R wave 
* Recipient of an Overseas Clinical Fellowship awarded by The 
National Heart Foundation of Australia 1978-79. 


Present address: Cardiovascular Research, Mayo Clinic, Rochester, 
MN 55901, USA. 

+ Recipient of a Junior Research Fellowship from the British Heart 
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amplitude during and after maximal 12 lead tread- 
mill exercise and to evaluate the relation of changes 
to the severity of coronary artery disease and to 
abnormalities of left ventricular contraction. 


Patients and methods 


Seventy-six patients, referred to the National Heart 
Hospital for chest pain, underwent both maximal 
treadmill exercise testing and coronary angio- 
graphy. The following patients were excluded: 
those with valvular heart disease, primary myo- 
cardial disease, conduction defects, or those on 
digitalis; those with technically inadequate stress 
tests and those who failed to complete the exercise 
test.? 1° 

Fourteen patients (nine men, five women, mean 
age 38 years) had normal coronary angiograms and 
normal resting electrocardiograms; 62 patients 
(50 men, 12 women, mean age 48 years) had 
coronary artery disease proven at angiography. 
Twenty-eight of these (45%) had a history of 
myocardial infarction and pathological Q waves in 
the resting electrocardiogram. 


EXERCISE TEST 
All patients underwent 12 lead maximal treadmill 
exercise testing? within one month of coronary 
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angiography. The 12 leads recorded were the same 
as a standard 12 lead resting electrocardiogram 
except that the limb leads were sited on the trunk 
close to the limb in question. Recordings were made 
in the erect position, before, and at the end of each 
three minute stage of exercise, and at one minute 
intervals after exercise in the sitting position until 
the electrocardiogram returned to its resting state. 
The test was terminated when predicted maximum 
heart rate for age, sex, and weight (women) or 
height (men) had been achieved, or with the onset 
of chest pain associated with electrocardiographic 
changes. Patients who failed to reach either of these 
end points were excluded. The Bruce protocol was 
used with the addition of a warm-up stage at 1:0 
mph and 5 per cent gradient to avoid the sudden 
increase in oxygen consumption during stage 1 of 
the unmodified Bruce protocol? Horizontal or 
downsloping ST segment depression of 1mm or 
more persisting for 80 ms beyond the J point in at 
least one lead was regarded as a positive test for 
ischaemia (calibration 10mm--1mV). Electro- 
cardiographic recordings were made with a fully 
automated three channel Cambridge 3038 portable 
electrocardiographic recorder.* The frequency 
response was 0-05 to 100 Hz (-3dB), with the time 
constant (67% loss of amplitude) greater than 3-2 s. 
Recording equipment and procedures complied 
with American Heart Association standards.!? 14 
Blood pressure measurements were taken before 
each electrocardiographic recording before, during, 
and after exercise. 

R wave amplitude was measured by two observers 
without prior knowledge of or reference to the 
results of angiography. The-amplitude was mea- 
sured in mm (10 mm=1 mV) from the PQ segment 
to the top of the R wave and averaged in each 
individual lead over four to 10 beats, depending on 
heart rate, to minimise the effect of respiration. 
Leads II, III, aVF, V4-6 were chosen for detailed 
analysis as they usually had dominant R waves. 
Results are expressed as the mean change in R wave 
amplitude (mean AR) which is calculated by 
subtracting the sum of R waves in the six leads from 
the pre-exercise value and then dividing by six. A 
mean AR of ~2 mm would therefore reflect a total 
1:2 mV decrease in the six leads. In a separate 
group of eight normal volunteers who underwent 
two exercise tests changes in mean AR were 
reproducible. 


CORONARY ANGIOGRAPHY 

Left ventriculography was performed in the 30° 
right anterior oblique projection. Left ventricular 
wall motion was assessed subjectively by two 
* Cambridge Instrument Company. 
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independent observers and reported as normal, 
hypokinetic (defined as reduced inward systolic 
movement), or akinetic (defined as absent inward 
systolic movement). Coronary angiography was 
performed in the posteroanterior and oblique 
projections using the Sones technique. Seventy 
per cent reduction in the diameter of a major 
coronary artery was considered significant. 

Results are expressed as mean + the standard 
error of the mean. Statistical tests were performed 
using Student’s t test for paired and non-paired 
samples and by linear regression. 


Results 


A typical example of a standard 12 lead electro- 
cardiographic response to maximal treadmill exercise 
in a normal subject is shown in Fig. 1. The 
absence of pathological ST change and decrease in 
R wave voltage (most obvious in the inferolateral 
leads) may be seen. ; 

For comparison, a positive test, from a patient 
with triple vessel disease, is shown in Fig. 2. 
ST depression occurred in most leads and R wave 
amplitude increased. However, ST depression in 
leads, I, aVL, and V2~3 was not accompanied by 
R wave change, indicating that this can be independ- 
ent of ST segment change in an individual lead. 





Fig. 1 Paired 12 lead resting (left) and maximal 
exercise (right) electrocardiographic complexes from a 
normal subject. Decrease in R wave amplitude is most 
pronounced in leads II, III, aVF, and V4-6. 
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Of the 76 patients, 59 had positive and 17 negative 
exercise tests as judged by ST segment analysis. 
There were two false positives and five false 
negatives, giving a sensitivity of 92 per cent and 
specificity of 86 per cent (Table). All 14 patients 
with normal coronary arteries had normal left 
ventriculography, and R wave amplitude decreased 
during exercise (Fig. 3). The maximum fall of 
mean AR occurred one minute after exercise and 
returned to the pre-exercise value within three 
minutes. Maximum change in heart rate preceded 
maximum change in mean AR and recovered more 
slowly than R wave amplitude. 

The 62 patients with coronary artery disease 
comprised 22 with single vessel, 12 with double 
vessel, and 28 with triple vessel or left main disease. 





Fig. 2 


Paired 12 lead resting (left) and maximal 
exercise (right) electrocardiographic complexes froma 
patient with severe triple vessel coronary artery disease 
and inferior wall hypokineses. R wave voltage increase is 
most distinct in leads II, UI, aVF, and V4-6, and 
occurs in the presence of both ST depression ( V2-5) and 
elevation ( 11, III, aVF). 


Table Sensitivity (true positive tests/no. of patients 
with coronary artery disease) and specificity (true 
negative/no. of patients with normal coronary angiography ) 
of treadmill exercise testing 


ST analysis 


R wave amplitude 
Sensitivity 92% 


98% (61/62) 


(57/62) 


Specificity 86% (12/14) 100% (14/14) 
In column 1 a positive test is defined as flat or downsloping ST 
depression of 1 mm or more 80 ms after the J point; in column 2 
a positive test is defined by no change or an increase in R wave 


amplitude at maximal exerise compared with the resting value. 
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Left ventriculography was normal in 28. Eighteen 
patients had a region of hypokinesia and 16 
akinesia. Sixty-one patients (98°,) had an increase 
in mean AR. The one patient showing a decrease 
in mean AR had single vessel disease, a negative 
exercise test, and normal left ventriculography. The 
four other patients with false negative exercise tests 
also had single vessel disease. Fig. 4 shows the 
change in mean AR related to the severity of 
coronary artery disease. In contrast to normal 
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Fig. 3 Heart rate and mean change in R wave 
amplitude (AR) in 14 normal subjects during treadmill 
exercise. AR decreases most at one minute after exercise 
and returns to resting level three minutes after exercise. 
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Fig. 4 Exercise-induced change of R wave amplitude in 
patients with coronary artery disease. AR does not 
distinguish the number of vessels involved except between 
triple vessel disease (3) and double (2) or single (1) 
vessel disease at peak exercise (p « 001). 
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patients (Fig. 3) mean AR increased. The maximum 
increase occurred at peak exercise and mean AR 
returned to resting values five minutes after exercise. 
‘The change in mean AR was not influenced by the 
number of diseased coronary arteries except at 
peak exercise when mean AR was greater in patients 
with triple vessel or left main disease than with 
single vessel disease (p « 0:01). 

Fig. 5 shows the change in mean AR related to 
abnormality of left ventricular contraction. The 
largest increase in mean AR. occurred in those 
patients with akinetic regions of the left ventricle 
and remained statistically significant up to 5 minutes 
(p < 0-001). 

There was no significant correlation between the 
mean AR and both the number of leads showing 
ST depression and the sum of ST' depression seen 
in all 12 leads (Fig. 6). Patients with multiple vessel 
disease, however, had higher values of both mean 
AR and EST (Fig. 7). 


Discussion 


The precise mechanism for the change in R wave 
amplitude on the surface electrocardiogram during 
exercise is unclear. R wave amplitude changes 
under a variety of conditions and is influenced by 
many factors such as blood conductivity, blood 
potassium, electrical axis, and movement of the 
chest wall and diaphragm. Several experimental 
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Fig. 5 Exercise-induced change in R wave amplitude in 
the 62 patients with coronary artery disease, subdivided 
according to the result of left ventriculography. Patients 
with akinesis demonstrated significantly greater increase 
which took longer to return to resting values than the 
others. 
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and theoretical studies!-5 1571? indicate that a major 
determinant of R wave amplitude is the intraventri- 
cular volume. The end-diastolic volume of the left 
ventricle decreases during exercise in normal 
subjects?°-25 while at the same time R wave ampli- 
tude decreases." 3979? These two phenomena may 
therefore be directly related. 

Many studies using different techniques have 
shown that during acute ischaemia the end- 
diastolic left ventricular volume does not decrease 
but increases.?3 ?4 33-37 Qur results show that R wave 
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Fig. 6 Plot of the sum of ST segment depression on the 
12 lead electrocardiogram ( ST) and change in mean 
R wave amplitude (AR) at peak exercise in 62 patients 
with coronary artery disease. There is no significant 
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Fig.7 Sum of ST segment depression on the 12 lead 
electrocardiogram (LST) at peak exercise and mean 
increase in R wave amplitude (AR) in 62 patients with 
coronary artery disease (CAD). &ST shows better 
distinction between the groups than AR, 
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amplitude is also increased in those patients with 
coronary artery disease in contrast to normal 
subjects (Fig. 3 and 4). If R wave changes are 
attributable to volume change, a correlation between 
R wave amplitude and left ventricular contraction 
abnormalities should exist. Our results confirm this 
prediction and show that within the group of 
patients with coronary artery disease the size of the 
change in R wave amplitude relates to the findings 
of ventriculography (Fig. 5) rather than to the num- 
ber of diseased vessels (Fig. 4). Yet even in the sub- 
group of patients with coronary artery disease and 
normal left ventriculography R wave amplitude 
increased; this is presumably because abnormalities 
of ventricular contraction, though not apparent at 
rest, occur on exercise with the onset of ischaemia. 
No distinct correlation was found between changes 
in R wave amplitude and ST segment depression 
(Fig. 6), though patients with three vessel disease 
or disease of the left main coronary artery had 
larger increases of R wave amplitude and greater 
ST depression than the others (Fig. 7). Thus ST 
segment changes may reflect the electrophysiological 
consequence of ischaemia while R wave amplitude 
is primarily affected by left ventricular volume. 

Our results with regard to R wave amplitude 
during exercise are in accord with the findings of 
others.” 8 2829 There are, however, three recent 
reports in which R wave amplitude did not distin- 
guish between patients with and without coronary 
artery disease. Battler et a/.°° using a different lead 
systern, supine bicycle exercise, and radionuclide 
angiography found QRS amplitude to be of no 
value in separating a normal from an abnormal 
exercise response. 

Wagner et al? though showing a decreased R 
wave amplitude in their normal subjects concluded 
that it was unreliable in distinguishing the presence, 
absence, or severity of coronary artery disease. In 
contrast to our study, however, they used only two 
leads (II and V5) for analysis, employed sub- 
maximal exercise, and studied a group of patients 
having a preponderance of single vessel disease. 
Ina group of patients with significant but unspecified 
coronary artery disease, Fox et aij? using erect 
bicycle exercise and praecordial surface mapping 
found a consistent decrease in R wave amplitude in 
patients with or without electrocardiographic 
evidence of ischaemia. 'The reasons for these 
opposite or less clear-cut findings may be related 
to differences in the patients under study, the type 
of exercise, posture during exercise, and the 
recording leads selected. 

In an attempt to improve the sensitivity and 
specificity of exercise testing we redefined all tests 
as positive or negative according to the results of 
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R wave analysis (Table). Thus, a positive (abnormal) 
test would be one in which R wave amplitude shows 
either no change or an increase at maximal exercise, 
and a negative (normal) response would be a 
demonstrable decrease in R wave amplitude. Four 
of the five false negatives and both false positives 
(by ST analysis) are correctly classified as abnormal 
and normal, respectively, in this way. Though our 
series is relatively small we agree with the con- 
clusions of Bonoris et al that, while in no way 
superseding the value of ST segment analysis, 
evaluation of R wave amplitude should not be 
ignored and may help separate patients with 
coronary artery disease from those without such 
disease. We are currently using both ST segment 
and R wave amplitude criteria prospectively to 
confirm these results. 

Our results are impressively accurate but 
probably no more or less than expected for a 
selected group of patients referred with chest pain 
to a specialist hospital.?? A larger group of patients 
needs to be studied before any definite claim can be 
made with regard to the clinical value of this 
Observation or the possible advantages in studying 
a population with a low prevalence of coronary 
artery disease. In such a population the requirement 
that a normal exercise test be accompanied by a 
fall in R wave amplitude should improve the 
specificity of exercise testing. 

Lastly, since R wave amplitude change with 
exercise appears to be related to an abnormality of 
left ventricular contraction, analysis of R wave 
change may provide a non-invasive indicator of 
left ventricular function, helping to identify those 
patients in whom it is more likely to be impaired. 
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Regional left ventricular wall motion from first-pass 
radionuclide angiocardiography using an Anger camera 


Experimental and clinical study 
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SUMMARY Experimental studies with a balloon phantom, and clinical studies were performed to evaluate 
first-pass radionuclide angiocardiography using a gamma camera in the assessment of regional wall 


motion. 


The phantom studies showed that choice of isocount contour was not critical in edge detection. 
Adequate count densities could be achieved, but only at the expense of temporal resolution. 

The clinical studies disclosed a good correlation with radiography in normal subjects and those 
with diffuse ventricular disease but a poor correlation in subjects with localised abnormalities of wall 


motion. 


Radionuclide studies of the cardiac blood pools 
can be performed either during the first pass 
through the central circulation of a peripherally 
injected radionuclide bolus or when a blood pool 
tracer has come to equilibrium. 

The first pass technique has several theoretical 
advantages over the equilibrium approach. The 
short data accumulation time (30 to 40 s) makes the 
method particularly suitable for the study of 
seriously ill subjects who may have difficulty lying 
still and for the demonstration of short-lived 
abnormalities. The good temporal separation 
between right and left heart phases of bolus transit 
means that the left ventricle can be studied in the 
right anterior oblique (RAO) view without inter- 
ference from activity in the overlying right ventricle. 
Finally, background levels are low. 

The major disadvantage of first-pass studies 
derives from the limited performance of conven- 
tional gamma cameras in dealing with high count 
rates. The resulting reduction in efficiency of 
detection of emitted radiation leads to the accumula- 
tion of left ventricular images from a relatively 
small number of scintillations (or counts), thereby 
compromising image resolution. — Multicrystal 
cameras have been developed with better response 
to high count rates, but at the expense of spatial 
resolution and energy discrimination. 
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The purpose of this study was to determine how 
many counts per image were required for wall 
motion studies and to decide whether or not con- 
ventional gamma cameras were suitable. Both 
experimental studies using a balloon phantom and 
clinical studies were performed. 


Methods 


(a) PHANTOM STUDIES 

The apparatus consisted of a fluid filled balloon 
suspended in a water bath at a depth of approxi- 
mately 6 cm. *Tc™ as pertechnetate was added to 
the balloon which was imaged at volumes of 50 
and 100 ml. A series of images was accumulated 
using a gamma camera and computer system. Each 
stored frame contained 1000 counts from the 
balloon and independent frames were summed to 
examine the effect of improving statistical accuracy. 
Background activity was varied by adding tracer 
to the water bath. An isocount contour techniqué 
was used to delineate the edge of the balloon image. 
Image dimensions were compared with actual 
dimensions from photographs. 


(b) CLINICAL STUDIES 

Forty-three subjects with a variety of cardiac 
disorders were studied by first-pass radionuclide 
angiocardiography. 15mCi ®Tc™ pertechnetate 
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were injected intravenously as a bolus and the 
first pass of tracer through the central circulation 
‘was detected by a gamma camera placed in the 
30° RAO position over the praecordium. Data 
were recorded in list mode and stored on magnetic 
disc. A left ventricular activity-time curve was 
used to identify individual cardiac cycles (intrinsic 
gating) during the left heart phase of bolus transit 
and each cycle was divided into eight equal time 
intervals. Data from corresponding intervals in 
successive cycles were summed to produce a series 
of images—a representative cine cycle. The 20 
per cent isocount contour was arbitrarily chosen 
to represent the edge of the image. Movement 
of this contour was plotted as a third dimension 
against two axes representing (1) distance around 
the perimeter and (2) time from end-diastole to 
end-diastole. Values of equal displacement were 
joined to form a contour map.! The advantage of 
this form of presentation is that it is not necessary 
to identify the plane of the aortic valve which can 
be difficult in these images. Wall motion was 
considered in anterior, apical, and inferior ventri- 
cular regions and was classified as normal if there 
was inward displacement of two contour levels 
(1 cm) from the end-diastolic position. Movement 
inward of less than two contour levels, no move- 
ment, and outward systolic movement were classi- 
fied as abnormal. 

Each subject underwent radiographic ventri- 
culography in the same view within two days. 
There were no significant changes of treatment 
between the two examinations. Again wall motion 
was considered in anterior, apical, and inferior 
regions and was classified as normal or abnormal 
by an experienced observer with no knowledge of 
the radionuclide results. The results were compared 
region by region with the radionuclide results. 





Fig. 1 The effect of choice of isocount contour on the 
apparent change in width of the balloon phantom as it 
was emptied from 100 ml to 50 ml. W%, change in 
"width as a percentage of 100 ml width; IC96, isocount 
contour as a percentage of peak counts; —- — — — actual 
change (from photograph) ; apparent change. 
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Fig. 2 The effect of increasing count density on the 
apparent change in width of the balloon phantom as it 
was emptied from 100 ml to 50 ml. W%, change in 

width as a percentage of 100 ml width; Ket, kilo-counts 
per image for the 100 ml balloon; A, no added background ; 
O, background 40 per cent; - — —— actual change 

(from photograph) 


All studies were performed using a Radicamera 
Mk II with a standard, parallel hole collimator, and 
a Nuclear Data computer system. 


Results 


(a) PHANTOM STUDIES 

The results are expressed in Fig. 1 and 2; those 
relating to width and area were similar; those 
relating to width have been chosen for illustration 
because this measurement has more relevance to 
wall motion studies and it avoids repetition. On 
emptying the balloon from 100 to 50 ml there was a 
30 per cent decrease in maximum width. Fig. 1 
illustrates the effect of taking different isocount 
contours to represent the image edge. Though 
the choice of isocount contour affected the apparent 
absolute size of the balloon, the estimate of change 
in size was independent of isocount contour 
between 10 and 40 per cent. 

Fig. 2 illustrates the effect of varying image 
counts at two different background levels. With 
background up to 40 per cent it is possible to 
obtain reliable estimates of change in width pro- 
vided that 4000 counts are accumulated in the 
region of interest. 


(b) CI NICAL STUDIES 
Fig. 3 shows an 8 frame cine cycle and Fig. 4 
a contour map. The number of counts in each 
ventricular image varied between 1000 and 4000 
at end-diastole. Background levels varied between 
15 and 35 per cent of peak intraventricular activity. 
'Table 1 shows that in the group as a whole there 
was a good correlation between radiographic and 
radionuclide angiocardiography. Twenty-three sub- 
jects had radiographically normal ventricles. In 


un 
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Fig. 3 Representative cine 
cycle. ED, end-diastole; ES, 
end-systole; LV, left ventricle; 
LA, left atrium; Ao, aorta. 


these subjects 68 out of 75 regions were normal 
on the radionuclide study. Ten subjects had 
diffusely abnormal ventricles and in these the 
nuclear technique showed abnormalities in 25 out 
of 30 regions. Results were less good in those with 
localised wall motion abnormalities as shown in 
Table 2. 


Discussion 


The number of counts in each image depends 
upon count rate, data collection time, and temporal 
resolution. Therefore, in equilibrium studies it is 
most easily increased by prolonging data collection 
time. In first-pass studies, which have a finite 
interval for data collection, it can be done by 
improving detection efficiency (multicrystal 
cameras) or by decreasing temporal resolution. 
Using equilibrium studies, Zaret ef al.? accumu- 
lated 300 000 counts in each total end-diastolic 
image, and Rigo er a/.,? 200 000 counts, collecting 
data from 200 to 400 cardiac cycles. Improving 
temporal resolution by producing 80 to 100 frame 
representative cine cycles! necessitated data sum- 
mation from 1200 to 1500 cycles. Some groups have 
attempted to reduce data collection time and the 
risk of motion artefact. Sneed et aL? accumulated 
150 000 counts over four minutes with a temporal 
resolution of nine frames for each representative 
cycle. Bacharach et al.® argue that no advantage 
is gained by imaging for 10 rather than two and a 
half minutes. This group has used the short data 
collection time to study transient, exercise, and 
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drug induced changes. ^ The figures quoted 
above refer to the total counts in an end-diastolic 
frame. This is not the same as intraventricular 
counts. Maddox er al? estimated that out of 
300000 counts in an end-diastolic frame only 
30000 came from the ventricle. Burrow er aL" 
calculate 18 500 counts from the left ventricle after 
background correction. 

Using a multicrystal camera for first-pass studies, 
Schad® found 30000 counts in the uncorrected 
end-diastolic frame of which 3000 to 13 000 (mean 
9600) actually came from the ventricle. This was 
with a time resolution of 50 ms. Marshall er al. P? 
using similar equipment but sampling from fewer 
cardiac cycles, achieved 3300 +2000 counts for the 
ventricular image. Again using similar equipment, 
Bodenheimer er alë could obtain 3723 to 10 268 
(mean 6221) counts for each ventricular image after 
background subtraction. 

First-pass wall motion studies have also been 
performed with single crystal cameras. Kostuk 
et als? and Jengo et al? do not quote count 
densities. Pachinger et al!" quote 14 000 to 17 000 
counts for the total field in the right ventricular 
phase of bolus transit. Peak activity in the left 
heart phase and counts for each image are not 
quoted. Hecht et aL? claim 79 counts in the 
ventricle from the end-diastolic frame and sum 
10 to 12 such frames producing approximately 
800 to 1000 counts for the ventricle in the repre- 
sentative cine cycle. They believe tbat objective 
methods of edge detection may compensate for the 
relatively low count density. 
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Fig. 4 Contour map representation of wall motion, 
The vertical axis corresponds to position along the 
perimeter of the left ventricle, left atrium, and aorta. 
The horizontal axis represents time into the cardiac 
cycle. Each solid contour represents a movement inwards 
of 5 mm from the end-diastolic position and each 

broken contour a movement of 5 mm outwards. Ao(1), 
left side of aortic root; Ao(r), right side of aortic root; 
LV, left ventricle; LA, left atrium; ED, end-diastole. 
Note inward movement of proximal anterior and inferior 
left ventricular walls with apical and distal anterior 
akinesis. Left atrium expands. Both walls of aorta 

move to the left but the left wall to a greater extent 
than the right. This represents movement of the aorta 
as a whole plus apparent systolic aortic expansion. 
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Table 1 Comparison of radiographic and radionuclide 
assessment of regional wall motion in 43 subjects 
(three regions per subject) 





Radionuclide imaging Radiography 

Normal Abnormal 
Normal 76 10 
Abnormal ll 32 





The admittedly simplified phantom studies 
suggest that, at background levels comparable to 
clinical studies, 4000 counts for the end-diastolic 
image should give a reasonable estimate of wall 
motion with an ejection fraction of 50 per cent. 
Fewer counts than this may give correct estimates 
under more favourable background levels or if 
ejection is less. As the counts per 100 ml balloon 
fall below 2000 there is a progressive tendency to 
overestimate the percentage decrease in width. 
This effect is produced by a progressive under- 
estimation of the size of the 50 ml balloon in the 
presence of added background activity. f 

It was apparent that to achieve desired count 
density using this equipment a time resolution of 
eight frames per representative cycle was the 
maximum that could be achieved. Even then the 
figures are barely adequate. The limited temporal 
resolution is of less importance at end-diastole 
because of the relatively prolonged maintenance 
of the end-diastolic position, but it may well 
underestimate the maximum extent of systolic 
inward movement. The phantom studies also 
showed that choice of isocount contour for edge 
definition has little effect on results (Fig. 1). 

It is not unreasonable to expect that future 
developments in instrumentation may lead to a 
fivefold increase in maximum count rate; this should 
be a major benefit to first-pass studies. 

Radiographic cineangiography is the accepted 
standard by which other techniques for the evalua- 
tion of wall motion are assessed. Certain factors 
would, however, lead us to expect a less than 
complete agreement between radionuclide and 


Table 2 Comparison of radiographic and radionuclide 
assessment of regional wall motion: eight subjects with 
localised abnormalities of wall motion by radiography 
(three regions per subject) 








Radionuclide imaging Radiography 

Normal Abnormal 
Normal 8 5 
Abnormal 4 7 
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radiographic studies. Cardiac catheterisation is 
carried out on subjects who may be sedated and a 
considerable amount of emotional stress is in- 
volved. By the time ventriculography is performed 
the patient has been lying flat for some time. 'The 
injection of contrast material into the ventricle 
under pressure can affect wall motion, though 
perhaps not over the first five beats.?! In addition 
the two studies may not be directly comparable. 
Radiography provides strictly two-dimensional 
information whereas the radionuclide approach 
probably provides three-dimensional estimates of 
regional function. Finally, no correction is made 
in the radionuclide studies for movement of the 
heart as a whole whereas this is probably done 
automatically with subjective reporting of radio- 
graphic angiograms. 

Table 1 shows a reasonable overall agreement 
between the two techniques. The results show a 
closer correlation in radiographicaly normal and 
diffusely abnormal ventricles (Tables 1 and 2) 
than in subjects with localised disease. In diffusely 
abnormal ventricles there is prolonged bolus 
transit which gives a greater opportunity for data 
collection. The ventricle is dilated and therefore 
end-diastolic counts are higher, as are end-systolic 
counts because of the reduced ejection fraction. Ín 
normal ventricles the end-diastolic counts are less 
and the good ejection fraction means low end- 
systolic counts. This should serve only to accen- 
tuate the normal appearance. Ín ventricles with 
good ejection despite localised wall motion disorders 
any underestimation of end-systolic dimension 
would tend to obscure the abnormality. In addition 
the spatial resolution may not be adequate to 
detect small areas of abnormality, especially when 
combined with limited temporal resolution. 


Conclusion 


First-pass wall motion studies place severe demands 
‘on conventional gamma cameras. In this study wall 
motion analysis was reasonably reliable in normal 
subjects and subjects with diffuse ventricular 
disease but not in subjects with more localised 
disorders of wall motion. Improved results can 
be expected with more sophisticated equipment. 


‘This work was supported by the British Heart 
Foundation. 
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New intervention in mitral valve prolapse 
Use of cold pressor test during echocardiography 
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SUMMARY A study was performed in 13 patients with idiopathic mitral valve prolapse and in 21 control 
subjects to assess the effect of the cold pressor test on systolic motion of the mitral valve. A significant 
increase in blood pressure occurred in 10 patients with mitral valve prolapse and in 19 controls after 
immersion of one hand in ice-cold water. M-mode echocardiographic recordings from the mitral valve 
were obtained in all patients before, during, and after the cold pressor test, together with simultaneous 
phonocardiograms in selected patients. Nine out of 10 patients with mitral valve prolapse and a 
hypertensive response to the cold stimulus showed a significant increase in the depth of mitral valve 
prolapse during the cold pressor test whereas in three patients with mitral valve prolapse and no 
hypertensive response the depth of mitral valve prolapse did not change during cold stimulation. Three 
patients with previously demonstrated mitral valve prolapse had equivocal resting echocardiograms but 
developed diagnostic evidence of mitral valve prolapse during the cold pressor test. No evidence of 
mitral valve prolapse was seen in any of the control subjects before, during, or after the cold pressor test. 

In four patients with mitral valve prolapse and a hypertensive response to cold stimulation the 
systolic click was delayed by the cold pressor test, whereas the time of the systolic click remained 


constant in the three patients whose blood pressure did not increase. 
It is concluded that the cold pressor test provides a stimulus sufficient to delay the onset and 
increase the depth of mitral valve prolapse, thereby enhancing the diagnostic sensitivity of echocardio- 


graphy in this condition. 


Echocardiography is the most important technique 
for the non-invasive diagnosis of mitral valve 
prolapse. Despite careful echocardiographic examin- 
ation at rest, however, some patients with mitral 
valve prolapse have normal or non-diagnostic mitral 
echograms. In some patients this may be a result of 
localised prolapse occurring in a part of the mitral 
valve inaccessible to the ultrasound beam. In other 
patients shallow prolapse of the mitral valve at the 
time of the examination may fail to give rise to 
diagnostic echocardiographic abnormalities. In the 
latter situation particularly, certain physiological 
and pharmacological interventions may increase the 
diagnostic sensitivity of echocardiography. Such 
manoeuvres as head-up tilt, Valsalva, and amyl 
nitrite inhalation exaggerate the echocardiographic 
features of mitral valve prolapse and alter the timing 


*Present address: Plymouth General Hospital, Plymouth, South 
Devon. 
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of its onset,! ? but these manoeuvres may produce 
the echocardiographic appearances of mitral valve 
prolapse in normal people.? 

The cold pressor test? has not previously been 
described as a diagnostic intervention in patients 
with mitral valve prolapse. In the present study we 
examined the effect of this stimulus on the echo- 
cardiographic and phonocardiographic findings in 
patients with mitral valve prolapse and in a group 
of control subjects. 


Patients and methods 


Thirteen patients with idiopathic mitral valve 
prolapse and 21 control subjects were studied. 
Details of the patients with mitral valve prolapse 
are shown in the Table. All had clinical signs 
suggesting mitral valve prolapse which had been 
confirmed previously by echocardiography in all 
cases. Four patients had selective coronary arterio- 
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Table Clinical details of patients with mitral valve prolapse 
Case Sex Age Symptoms Signs Resting electrocardiogram 
no. (y) 
1 M 22 Palpitation, syncope ESC, soft ESM Normal 
2 F 49 Dyspnoea, palpitation MSC, LSM Normal 
3* M 55 Chest pain, previous cardiac arrest ESC T waves flat to inverted in inferior and lateral leads 
4* F 49 Chest pain MSC T wave flat or inverted inferior and anterior leads 
5 F 51 Dyspnoea, palpitation MSC, LSM ST sagging and T waves flat or inverted 
inferolaterally 
6 F 48 Dyspnoea, palpitation MSC Normal 
7 F 30 Intermittent awareness of murmur MSC, intermittent Normal 
LSM 
8 F 40 Atypical chest pain, fatigue, MSC T wave flat or inverted inferior and lateral leads 
dyspnoea, palpitation 
9 F 32 Chest pain, fatigue, palpitation MSC, LSM T wave flat or inverted inferior and lateral leads; 
frequent VPBs 
10* F 58 Atypical chest pain, fatigue, MSC, LSM Sagging ST segment inferior leads; occasional 
dyspnoea, palpitation VPBs 
11 M 11 il LSM Normal 
12* M 34 Atypical chest pain, dyspnoea MSC, LSM Sagging ST segment inferior leads 
13 M 52 Atypical chest pain MSC. LSM Normal 





ESC, early systolic click; ESM, ejection systolic murmur; MSC, mid-systolic click; LSM, late-systolic murmur; VPB, ventricular 


premature beat. * Coronary arteriography performed (normal). 


graphy which was normal and contrast left 
ventriculography which further confirmed mitral 
valve prolapse. Cardiac catheterisation was not 
performed in the remainder, in whom coronary 
artery disease was not suspected clinically. The 
control group comprised six patients with angio- 
graphically proven coronary artery disease, two 
patients with non-obstructive hypertrophic cardio- 
myopathy, and 13 normal subjects. 

All patients were studied while resting on a couch 
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Fig. 1 The measured depth of mitral valve prolapse 
(small arrow) is shown on a diagrammatic echocardiogram, 
with phonocardiogram (PCG) and electrocardiogram 
(ECG) illustrating the Q wave—systolic click time 

(large arrow). 


in the 30° left oblique position. Using a Dinamap 
automatic sphygmomanometer, readings of heart 
rate and blood pressure were obtained at one-minute 
intervals throughout the study, and were recorded 
by an independent observer. M-mode echocardio- 
grams were recorded from the mitral valve at the 
same intervals, using an Ekoline 20A ultrasonoscope 
with a 2-25 MHz transducer focused at 10 cm and 
maintained in a constant position by hand. The 
transducer was initially aligned so as to show the 
maximum possible depth of mitral valve prolapse 
in each patient. Simultaneous phonocardiograms 
were recorded in seven patients. All recordings were 
made during a three-minute pretest period, during 
five minutes with the patient's hand immersed in 
ice-cold water, and for three minutes afterwards. 

The echocardiograms were analysed without 
knowledge of the timing of a given recording or of 
the blood pressure response in each patient. The 
depth of mitral valve prolapse was measured from 
the echocardiograms as the maximum depth of 
posterior displacement of the mitral echo during 
systole (Fig. 1). On each recording the depth of 
mitral valve prolapse was taken as the average of 
measurements made over five consecutive cardiac 
cycles, thus minimising the effect of respiratory 
movement. Where phonocardiograms were obtained 
the time from the initial QRS deflection on the 
electrocardiogram to the systolic click on the 
phonocardiogram (Q wave—click time) was also 
measured and averaged over five consecutive cycles. 

Analysis of variance was used to assess the 
statistical significance of the results. The null 
hypothesis was rejected when its probability was 
less than 0-05. 
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Fig. 2 Mean systolic and diastolic blood pressures (SE) 


and mean depth of mitral valve prolapse in 10 patients 
with mitral valve prolapse who showed a pressor response 


to cold. 


Results 


Ten out of 13 patients with mitral valve prolapse 
showed a hypertensive response to the cold stimulus 
(Fig. 2) and during cold stimulation nine of these 


developed a significant increase in the depth of 


prolapse (p < 0-001), which had returned to resting 
or near-resting levels three minutes after removal 
of the cold stimulus (Fig. 2 and 3). Furthermore, in 
three patients with previously documented mitral 
valve prolapse the resting echocardiograms on the 
day of the study were equivocal. During the cold 
pressor test abrupt posterior motion of the mitral 
echo in mid-systole, diagnostic of mitral valve 
prolapse, was seen in these three patients. In 
contrast, three patients with mitral valve prolapse 
had no hypertensive response to cold, and no 
significant change in the depth of mitral valve 
prolapse occurred during the study. In the control 
group 19 had a hypertensive response but none 
showed evidence of mitral valve prolapse before, 
during, or after the cold pressor test. In two control 
subjects no hypertensive response was observed and 
the mitral echograms remained normal. 
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Phonocardiograms were obtained from four 
patients with mitral valve prolapse who experienced 
a pressor response to cold stimulation. In all four 
there was a transient increase in Q wave—click time 
of 30 to 50ms (mean 35 ms) during the cold 
pressor test (Fig. 4) and the intensity of the late 
systolic murmur increased in one patient. In the 
three patients with mitral valve prolapse who had 
phonocardiograms recorded but who showed no 
hypertensive response the Q wave—click time 
remained constant. 

In 11 patients with mitral valve prolapse the 
heart rate increased during cold stimulation. Ten 
had increases of one to eight beats per minute and 
one patient had an increase of 18 beats per minute. 
Increases in heart rate tended to precede the in- 





Mitral echograms from a patient with mitral 
valve prolapse: (a) before the cold pressor test showing 
pansystolic posterior sagging of the dominant echoes from 
the mitral valve and (b) during the cold pressor test 
showing severe mid-systolic buckling of the mitral echo. 


Fig. 3 


New intervention in mitral valve prolapse 
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Fig. 4 Simultaneous electrocardiograms and phono- 
cardiograms from a patient with mitral valve prolapse. 
In the upper trace, recorded at rest, the QRS complex 
has been aligned with that of the lower trace, recorded 
during cold pressor test. The delay in the systolic click 
caused by the cold pressor test is indicated by the two 
arrows (X). 


creases in blood pressure: the magnitude of the 
heart rate increase showed no relation to the 
magnitude of the pressor response or the increase 
in depth of prolapse. Two patients showed a pressor 
response with increased depth of mitral valve 
prolapse in the presence of a slight fall in heart 
rate during cold stimulation. 


Discussion 


Patients with mitral valve prolapse may be asympto- 
matic but many present with symptoms such as 
chest pain, dyspnoea, palpitation, or syncope, 
usually out of proportion to any measurable 
haemodynamic abnormality. The characteristic 
clinical signs of a systolic click, with or without a 
late systolic murmur, may suggest the diagnosis. 
Some patients, however, have no abnormal physical 
signs.’ In this situation echocardiography is the 
only non-invasive means of diagnosing mitral valve 
prolapse, but even the echocardiographic signs 
may be intermittent or equivocal. While abrupt 
posterior motion of the mitral valve echo in mid- 
systole is specific for mitral valve prolapse the 
distinction between holosystolic mitral valve pro- 
lapse and non-specific systolic sagging of the mitral 
echo is less obvious. Physiological and pharma- 
cological manoeuvres may be used to alter the 
timing of onset of the mitral valve prolapse seen 
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on the echocardiogram and of the closely related 
systolic click.1* Mathey et al? have shown that 
the onset of mitral valve prolapse occurs at a 
relatively fixed ventricular dimension in individual 
patients. Thus, a delay in onset of the mitral valve 
prolapse, as seen in our patients during the cold 
pressor test, may be explained either by an increase 
in left ventricular end-diastolic dimension or by a 
reduction in left ventricular performance before 
the onset of prolapse. In either situation the left 
ventricle would take longer to reach the critical 
dimension at which prolapse occurs. Our ‘results 
do not, however, distinguish between these two 
mechanisms, as left ventricular dimensions were 
not measured in this study focusing as it did 
primarily on mitral valve motion. 

In our patients the depth of mitral valve prolapse 
was increased during the cold pressor test. Devereux 
et al.® suggest that manoeuvres that reduce left 
ventricular cavity size cause mitral valve prolapse 
to bé both earlier and greater and that those that 
increase left ventricular cavity size result in later 
and lesser prolapse. But mitral valve prolapse was 
both later and greater during the cold pressor test, 
an intervention that increases blood pressure and 
that would not be expected to reduce left ventricular 
volume in the absence of consistent increases in 
heart rate. This suggests that the depth of mitral 
valve prolapse is not entirely dependent on left 
ventricular dimensions, and our results showed a 
relation between increases in blood pressure and 
depth of mitral valve prolapse. Further evidence 
that the depth of mitral valve prolapse is not 
determined solely by left ventricular dimensions 
may be obtained by examining the motion of the 
mitral valve echo in mitral valve prolapse. The 
depth of prolapse begins to decrease immediately 
after the aortic component of the second heart 
sound (aortic valve closure), as left ventricular 
pressure falls during isovolumic relaxation (D W 
Pitcher, unpublished observations). It therefore 
seems probable that while the onset of mitral valve 
prolapse is determined by left ventricular dimen- 
sions, the depth of prolapse is determined, at least 
in part, by left ventricular systolic pressure. 

Like other manoeuvres causing deeper mitral 
valve prolapse, the cold pressor test increases the 
sensitivity of echocardiographic detection of pro- 
lapse. However, Valsalva, head-up tilting, or amyl 
nitrite inhalation cause earlier as well as deeper 
prolapse. These manoeuvres may convert the 
specific echo pattern of mid-systolic prolapse to 
the less specific holosystolic prolapse, and may also 
produce echocardiographic appearances of mitral 
valve prolapse in normal people? No such 
abnormalities were caused by the cold pressor test 
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in our control group. By causing later as well as 
deeper prolapse, the cold pressor test will tend to 
convert a non-specific echogram showing holo- 
systolic sagging of the mitral echo to the specific 
pattern of mid-systolic mitral valve prolapse and 
may thereby enhance the sensitivity of echocardio- 
graphy in mitral valve prolapse without loss of 
specificity. 

As a result of these studies we feel that the cold 
pressor test is indicated during echocardiography in 
patients presenting with unexplained chest pain, 
arrhythmias, or isolated late-systolic murmurs, in 
whom the echocardiogram is normal or equivocal 
at rest. Detection of otherwise “silent” mitral valve 
prolapse in this way may prevent needless further 
investigation. Further studies in such patients are 
indicated to assess the sensitivity of the cold pressor 
test in provoking echocardiographic evidence of 
mitral valve prolapse when the resting echocardio- 
gram fails to detect it. 


We thank Messrs P K Morgan Ltd. for the use of 
the automatic sphygmomanometer in this study. 


Pitcher, Tynan, Wainwright, Curry, Sowton 
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Atrioventricular nodal function in progressive 
systemic sclerosis: electrophysiological and 


morphological findings 
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SUMMARY Electrophysiological data consistent with atrioventricular nodal dysfunction were obtained 
in 10 out of 19 patients with progressive systemic sclerosis (scleroderma). Conducting system studies 
were carried out in a further seven patients with progressive systemic sclerosis. In each the proximal 
portion of the atrioventricular node was consistently found to be smaller and more slender. It ıs postulated 
that there is a relation between proximal atrioventricular nodal structural alterations and impaired 


atrioventricular nodal function. 


Conducting system disorders are found in pro- 
gressive systemic sclerosis. First degree atrio- 
ventricular block occurred in as many as 20 per 
cent of patients in one of these series? and in all 
three series there was at least one case with complete 
atrioventricular block. In an additional case of 
progressive systemic sclerosis with complete heart 
block, at necropsy the atrioventricular node was 
found to be fused with the central fibrous body of 
the heart. At the bifurcation of the bundle there 
was an acute degenerative change and there was 
fibrosis of the right bundle.* In a necropsy study of 
eight further patients James® observed that before 
death at least five of them had had significant 
conducting system disease localised at the atrio- 
ventricular node or bundle of His, as judged by the 
electrocardiogram, and that in each there were 
severe morphological abnormalities present at 
these sites and at the sinus node. He felt that the 
normal difference in collagen content between the 
sinus node on the one hand and the atrioventricular 
node junctional tissues on the other may partially 
explain why fibrosis was so much more conspicuous 
in the former. He concluded that a combination of 
sinus node destruction and excess focal fibrotic 
partitioning in the atrioventricular junction was 
the likely basis for a high frequency of paroxysmal 
supraventricular tachycardia, the electrophysio- 
logical consequences being failure of normal 
automaticity together with the availability of 
multiple anatomical routes for atrioventricular 
junctional re-entry. Though the series of Ridolfi 
Received for publication 31 March 1980 


and colleagues? contained three patients with first 
degree heart block and one with complete block 
on the electrocardiogram, at necropsy no significant 
atrioventricular nodal disease was found. Recently, 
however, in a necropsy specimen of the atrio- 
ventricular node.in a patient with progressive 
systemic sclerosis, we found that there was loss 
of tissue at the proximal end of the structure. 
Because of the discrepancy of the findings in the 
published reports, the present study was under- 
taken to confirm this morphological observation 
of ours and to examine atrioventricular nodal 
function to see how reliable the electrocardiogram 
was in identifying atrioventricular nodal disease. 


Subjects and methods 


The last seven patients who died at the ULCA 
Medical Center with the diagnosis of progressive 
systemic sclerosis were studied. After a routine 
necropsy, the conducting system, including the 
atrioventricular node, atrioventricular bundle, and 
bundle-branches were removed in a single block. 
The blocks were processed in the manner previously 
described." This, in brief, involved sectioning at 
5 v intervals and retention of every fifth section. 
'These sections were made longitudinally parallel 
to the atrioventricular node and bundle and 
mounted three to a slide. Alternate slides were 
stained with haematoxylin, phloxine, and tartrazine. 

By sectioning the atrioventricular node and 
bundle in a direction longitudinally parallel rather 
than at right angles to the conducting tissue, 
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complete sectioning of the structures was achieved 
in fewer sections than in the traditional method.® 
This enabled us to compare more similar sections 
by relating them to the distance from the right 
atrial endocardium than other more arbitrary 
methods. 

For the electrophysiological studies of atrio- 
ventricular nodal function 19 patients with pro- 
gressive systemic sclerosis being followed in the 
Division of Rheumatology at UCLA were pro- 
spectively studied by a right heart catheterisation 
between August 1977 and January 1979. Eighteen 
of the patients met the criteria of the American 
Rheumatism Association® for scleroderma and 
one patient had the syndrome of calcinosis, 
Raynard’s phenomenon, oesophageal dysmotility, 
sclerodactyly, and telangiectasia.1° The mean age 
of the patients was 52 years and the average duration 
of the disease was 12 years. The procedure for the 
studies was approved by the UCLA Human Subject 
Protection Committee and fully informed consent 
was obtained from all the subjects. 

The PR interval was obtained from the surface 
leads and the atrioventricular nodal conduction 
time (AH interval) was measured during the same 
cardiac cycles. Right atrial pacing was performed 
until second degree heart block occurred. The 
effective and functional refractory periods were 
measured by pacing the atrium at a standard cycle 
length of 590-620ms and applying an extra 
stimulus every eighth complex. Patients in whom 
no response was provoked had refractory period 
measurements made by applying an extra stimulus 
after every eighth spontaneous beat (cases 4, 11, 
12). One patient had a sinus tachycardia and was 
paced with a cycle length of 500 ms (case 16) and 
in case 17 refractory period measurements were 
not obtained at the standard cycle length but 
were obtained at a paced cycle length of 680 ms. 


Results 


CLINICAL AND ELECTROPHYSIOLOGICAL 
FINDINGS 

In five of the seven patients who died electro- 
cardiograms immediately before death showed no 
specific conduction system disorder. One patient 
had complete atrioventricular block and the last a 
prolonged PR interval. 

Electrocardiographic and  electrophysiological 
data relating to atrioventricular function in the 
19 patients are listed in Table 1. Two patients 
had prolonged PR intervals and prolonged atrio- 
ventricular nodal (AH) conduction times (cases 
12, 19). A further patient (case 10) had a prolonged 
atrioventricular nodal conduction time which was 
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not reflected in a prolonged PR interval. Two 
patients had atrioventricular nodal conduction 
times of 70 ms or less (cases 2, 17) and a further 
two (cases 1, 16) had conduction times close to this. 
The refractory period measurements of the 
atrioventricular node disclosed that eight patients 
had abnormally prolonged intervals (cases 4, 11, 
12, 14, 15, 16, 18, 19). The response of atrio- 
ventricular nodal conduction to atrial pacing is 
illustrated in Fig. 1. Cases 12 and 19 showed a 
rather straight incremental change in atrioventri- 
cular nodal conduction, unlike the more usual 
exponential increase in conduction time with 
decrease in cycle length. Cases 16 and 17 had a 
relatively slight incremental change in atrioventri- 
cular nodal conduction from the longer cycle 
lengths of 500 to 300 ms in case 16 and from 
675 to 375 in case 17. The other measurements of 
cycle length in these cases were around 300 ms 
with AH intervals of between 100 and 120 ms. 
While it is quite possible that these data are 
incomplete it is possible that at the shorter cycle 
lengths conduction was down pathways with a 


Table 1 Measurements of atrioventricular nodal function 


(ms) 








Case Cycle PR AH Paced cycle AV node 
no. length interval interval length ——— 
(ms) , ERP FRP 
1 780 150 75 600 280 350 
2 680 160 70 600 320 360 
3 833 165 100 590 340 350 
4 833 175 115 600 and 300* 360* 
850* 
5 706 190 105 610 320 360 
6 840 180 110 590 220 300 
7 857 200 115 590 320 350 
8 857 175 115 600 350 370 
9 706 155 90 600 230 340 
10 760 185 135 600 240 300 
11 720 190 90 600 and 410* 740* 
740* 
12 1000 235 180 600 and 440* 940* 
930* 
13 840 180 90 610 380 390 
14 667 155 85 600 240 540 
15 833 160 80 600 300 540 
16 600 135 75 — — — 
5001 
17 800 150 65 600 280 340 
18 800 180 110 620 340 520 
19 680 220 125 600 and 340t 540t 
680+ 
Normal <200 x:120 600 <400 x:500 





* Spontaneous cycle length and refractory period measurements 
(at the paced cycle lengths the atrioventricular node was entirely 
refractory). 

t Longer cycle length at which overdrive of sinus tachycardia was 
possible. 

+ Second paced cycle length. 

ERP, effective refractory period. FRP, functional refractory 
period. 
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longer conduction time but shorter refractory Table 2 Cardiac involvement in progressive systemic 





periods. sclerosis 
MORPHOLOGICAL FINDINGS Case Case Case Case Case Case Case 
1 2 3 4 5 6 7 
The seven patients in whom the heart was available € : — 
j > $ Pericardial efusion + t + + + + + 
for study all had had progressive systemic sclerosis {primal proliferation 
with involvement of the lungs, skin, and gastro- of the arteries + + + + t + + 
intestinal tract for a number of years. Table 2 lists gen RES 1 
the cardiac lesions found in these patients. Arca of focal 
In the conducting system, the atrioventricular inks venere ds 
nodes were remarkably similar in all seven cases. hypertrophy i " į 
Instead of the normal appearance of a rather Atrioventricular node 
abnormalities + + t E * H 


pear-shaped proximal atrioventricular node (Fig. 
2a) the proximal part of the node was slender and 
nearly the same diameter as the distal part (Fig. 2b). 
The nodal structure did contain more fibrous 
tissue in the patients who had progressive systemic 
sclerosis, but this was only apparent, however, 
when age-matched controls were studied. In one 
case (Fig. 3) there clearly was discontinuity between 
the proximal portion of the atrioventricular node, 
and the distal portion and atrioventricular bundle. 


wer ATRIAL PACING 
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Fig.2 (A) A normal atrioventricular node (AN) can 
50F be seen between the atrial ( AT) and the ventricular 
( VM) muscle. The proximal node, at the end of the 
" N : i l structure, is surrounded by collagenous tissue (pale 
8 Ly —_——|____|__ 


300 400 500 600 700 B00 staining). Along the entire course of the node this tissue 
separates the node from both atrium and ventricle. 
Cycle length in ms As the node is followed distally (toward the right) it 
Fig. 1 Atrial pacing to second degree heart block in 19 blends into the atrioventricular bundle (AB). 


patients with progressive systemic sclerosis. The cycle (Haematoxylin, phloxine, and tartrazine > 6 original 
length (ms) is plotted against the atrioventricular magnification.) (B) In contrast, a typical 

conduction ( A-H). Cases 12 and 19 have a long atrioventricular node and atrioventricular bundle of a 
conducting interval and straight curve. Cases 2, 16, and 17 patient with progressive systemic sclerosis. The node is 
have abnormal curves, the latter two with broken curves flattened and narrow, particularly in the proximal area. 
which are consistent with dual atrioventricular nodal (Haematoxylin, phloxine, and tartrazine ~ 6 original 


pathways. magnification. ) 
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In this case there had been complete heart block 
with narrow QRS complexes on the electro- 
cardiogram for several years. 

The proximal portion of the right bundle- 
branch was normal in both branching pattern and 
structure except in the case with complete heart 
block, in which it was large but could not be 
traced back to the common bundle. The branching 
patterns of the proximal portions of the left 
bundle appeared normal in all the cases except 
the one in which there was complete heart block. 
The left bundle emerged from the common bundle 
over a relatively wide area. 


Discussion 


The advantage of our technique in sectioning the 
atrioventricular node is threefold. Firstly by doing 
so parallel to the long axis we cut through about a 
millimetre of right ventricular endocardium and 
then through the one and half millimetres of node. 
Thus an entire atrioventricular node and bundle 
study is contained in many fewer sections. Tradi- 
tional methods section at right angles to the long 
axis and the node, bundle, and origin of the bundle- 
branches is nearly 15mm long, as opposed to 
1-5 mm in the plane in which we section. Secondly 
we can more easily compare sections from different 
subjects by using the right-sided endocardial 
surface as a reference point. We can then measure 
accurately the distance from the surface to the 
conducting system structures. The third advantage 
is that in the particular plane in which we view the 
structures we can in appropriate section see the 
outline of the node, bundle, and part of the 
branching system. This technique does not jeopar- 
dise, however, microscopical analysis. 


Fig. 3 The atrioventricular 
nodal area and atrioventricular 
bundle (AB) in a patient with 
progressive systemic sclerosis and 
complete heart block. The 
proximal atrioventricular node 
(P-AN) has degenerated. The 
distal atrioventricular nodal 
(D-AN) area is well formed and 
blends into the atrioventricular 
bundle. Ventricular muscle ( VM) 
is seen inferiorly to the node, 
(Haematoxylin, phloxine, and 
tartrazine. Original magnification 
x12). 
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We found that in one case there was discontinuity 
between the penetrating portion of the atrio- 
ventricular node and bundle. This discontinuity 
was probably the cause of the clinical finding of 
complete heart block in this case. All the cases, 
however, showed a remarkably consistent finding— 
namely, that while the microscopical structure of the 
proximal atrioventricular node appeared to be 
within normal limits, the macroscopical appearance 
was not. The normally bulbous, pear-shaped 
proximal end was long and narrow. 

We believe that this is probably a manifestation 
of progressive systemic sclerosis. There is no 
doubt that the patients had the disease for long 
periods and that, as shown in Table 2, the heart 
was involved in all of them. 

We also have electrocardiographic evidence that 
in two of these seven cases there was evidence of 
atrioventricular block, though we cannot unequivo- 
cally attribute the block to the morphological 
change seen in the atrioventricular node. Certainly 
in the single patient with complete block there 
was other histological evidence, the discontinuity 
between the node and the bundle, but this 
patient, too, had a narrow proximal portion of the 
node. The other six all had abnormal nodes but 
only one had a prolonged PR interval and it was 
for this reason we undertook a parallel study to 
look for more subtle evidence of atrioventricular 
nodal damage. The 12 lead electrocardiogram is 
inadequate in this respect, for though a long PR 
interval may indicate atrioventricular nodal disease, 
a long intra-atrial conduction time and a long His 
to Purkinje conduction time may also be responsible 
for this. Indeed, a prolonged atrioventricular 
nodal conduction time can be masked by a short 
His-Purkinje conduction time and thus give a normal 
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PR interval? In fact we found that eight of the 
nineteen patients had impaired atrioventricular 
nodal conduction and a further three had conduction 
which was at the upper limits of normal. Two other 
patients, however, had an abnormally brief con- 
duction time through the atrioventricular node. 

It is uncertain whether both the decreased and 
the enhanced conduction can be explained by the 
change we describe in the proximal portion of the 
node. In the rabbit's atrioventricular node, a 
structure similar to the human one, the greatest 
conduction delay occurs in tbe most proximal 
portion.?? The major morphological changes in the 
atrioventricular node that we have observed are 
in the proximal region. Thus a reduction in the 
size of this area by fibrous replacement may cause 
relatively quicker atrioventricular nodal conduction, 
when conduction is intact, because of the reduction 
of the slowest area of conduction. Increased 
fibrosis around the proximal end of the atrio- 
ventricular node may also be responsible for the 
relatively common finding of prolonged atrio- 
ventricular nodal conduction or prolonged 
atrioventricular nodal refractory periods. The 
milieu in which enhanced and slowed atrioventri- 
cular nodal conduction occurs may be conducive 
to tachyarrhythmias. Indeed, James® speculates 
that atrioventricular nodal changes could be 
responsible for a high frequency of supraventricular 
tachycardias. 
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Multiple valve replacement with pericardial xenograft 
Clinical and haemodynamic study 


ANAND P TANDON, WILLIAM WHITAKER, MARIAN I IONESCU 
From the Departments of Cardiology and Cardiothoracic Surgery, The General Infirmary, Leeds 


SUMMARY Multiple valve replacement with pericardial xenografts (sizes 17 to 31) was undertaken in 
76 patients. The incidence of early and late deaths was 10-5 and 3-9 per cent, respectively. Actuarially 
it is predicted that 94-7+3-9 per cent of hospital survivors will be alive at three and a half years after 
valve replacement. Though long-term anticoagulants were not used, thrombotic valve obstruction 
was not seen in this series. A systemic embolus occurred early in one case only (0-95 episodes/100 
patient years). Mechanical dysfunction of the pericardial xenograft has not been seen. 
Haemodynamic studies were performed in seven patients, eight to 21 months after valve replacement. 
The transvalvular gradients were negligible across the aortic pericardial xenografts. Gradients across 
mitral and tricuspid xenografts were small. The calculated surface areas ranged from 1-0 to 1-4 cm? 


for aortic, 1-7 to 2-1 cm? for mitral, and 2-0 to 2-4 cm? for tricuspid valves. 
'These results after multiple valve replacement are comparable to those reported with isolated 
mitral or aortic pericardial xenografts over a similar period of observation. 


Glutaraldehyde stabilised pericardial xenografts 
have been used for single valve replacement for 
more than eight years with very good clinical and 
haemodynamic results.|-$ Since 1976, when the 
pericardial xenograft became generally available, it 
has been used for all the valve replacements at our 
institution. This preliminary report describes the 
clinical and haemodynamic experience with 76 
patients who underwent multiple valve replacement 
with the Ionescu-Shiley pericardial xenograft. 


. Patients and methods 


Since March 1971, pericardial xenografts have been 
implanted in 506 patients. Of these, 430 have had 
single valve replacement (230 aortic, 196 mitral, 
and 4 tricuspid). Seventy-six patients have had 
multiple valve replacement, all between April 1976 
and September 1979. The present study describes 
the clinical and haemodynamic follow-up of these 
76 patients who received a total of 160 pericardial 
xenografts (Table 1). 

All valves used were manufactured by a stan- 
dardised process.* There were 25 men and 51 
women and the mean age was 50-0 + 1-4 years (range 
26 to 68). The preoperative clinical details of the 
* Shiley Laboratories Inc, Irvine, California, USA. 
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patients are shown in Table 2. All valve replacement 
operations were performed using total body hypo- 


Table 1 Number of patients and valves replaced 





Valves replaced No. of 
patients 
Mitral and aortic 54 
Mitral and tricuspid 14 
Mitral, aortic, and tricuspid 8 
Total 76 





Table 2 Preoperative clinical details of 76 patients 
with multiple valve replacement 


Number Per cent 

Men 25 33 
Women 51 67 
Age (y) 

Mean 50-0 1:4 

Range 26-68 
NYHA class 

II 5 7 

IIE 54 71 

IV 17 22 
Rhythm: 

Sinus 20 26* 

Atrial fibrillation 56 74 
Previous cardiac surgery 26 34 

Valve replacement and repair 6 

Closed mitral valvotomy 19 

Mitral and aortic valve replacement 1 


CS 
* All patients in sinus rhythm had mitral and aortic valve disease. 
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Table 3 Sizes of pericardial xenografts implanted in 76 patients 

Annulus diameter (mm) of implanted xenografts 
Valves Total 

19 21 28 28 27 29 31 

Mitral 16 (2) 40 (4) 17 (1) 3 76 (7) 
"Tricuspid 8Q 10 (2) 4 (2) 22 (6) 
Aortic 3 19 (2 25 (2) 12 3 62 (4) 
Total 3 19 25 12 19 48 27 7 160 


Figures in parentheses represent the number of valves of each type in patients subjected to reinvestigation. 


thermia (20 to 26°C) with cold cardioplegia and 
topical hypothermia. The temperature of the inter- 
ventricular septum was maintained by these 
combined measures between 16 and 18°C. The 
annulus diameter of the pericardial xenografts 
implanted ranged from 17 to 31mm (Table 3). 
Annuloplastic procedures were not performed 
irrespective of the size of the aortic root. At the 
time of valve replacement, 39 additional surgical 
interventions were undertaken in 33 patients, as 
shown in Table 4. 

All patients received oral sodium warfarin from 
the second or third postoperative day for a period of 
four to six weeks. The prothrombin time was main- 
tained around or below twice normal. Long-term 
anticoagulation was not used. 

All patients were seen at six-monthly intervals 
after operation. Seven patients were reinvestigated 
between eight and 21 months (mean 12 months) post- 
operatively. Three had had mitral and tricuspid, 
one mitral and aortic, and three mitral, aortic, and 
tricuspid valve replacement. The criteria for 
selection for reinvestigation were the availability 
of complete preoperative haemodynamic and angio- 
graphic data and the informed consent of the 
patients. The annulus diameters of the pericardial 
xenografts investigated are shown in Table 3. 


Table 4 Additional surgical procedures undertaken 
at time of valve replacement 





Procedure Number 
Aortocoronary saphenous vein bypass graft 11 
Tricuspid annuloplasty 7 


Resection of hypertrophied left ventricular outflow tract 8 
Epicardial pacemaker implantation 3 
Closure of atrial septal defect 2 
Resection and tailoring of ascending aorta 1 
Obliteration of left atrial appendage 2 
Decalcification of left atrial wall 1 
Removal of left atrial clot 2 
Repair of femoral artery aneurysm 1 
Repair of lacerated superior vena cava 1 

9 


"Total procedures 39 (33)* 





* Figure in parentheses denotes the number of patients. 


Right and left heart catheterisation was performed 
in the fasting state without prior sedation. All 
patients with an aortic valve replacement under- 
went transseptal catheterisation as well. Cardiac 
output was obtained by the direct Fick method. Both 
peak and ejection systolic gradients across aortic 
pericardial xenografts were measured. The ejection 
systolic gradient was obtained by planimetric in- 
tegration of simultaneously recorded phasic left 
ventricular and aortic root tracings. The mean 
diastolic gradient across mitral and tricuspid 
xenografts was measured by planimetric integration 
of simultaneously recorded phasic ventricular and 
pulmonary wedge or right atrial tracings, re- 
spectively. The xenograft surface area was calcu- 
lated according to the hydraulic formula of Gorlin 
and Gorlin’ using ejection systolic and mean dias- 
tolic gradients. Ventricular and/or aortic root 
angiograms were performed in all patients. 

“Actuarial analysis for the expected survival rate 
and for individual event-free curves of reoperation 
and thromboembolism was carried out using the 
method of Anderson et al.? For the calculation of 
survival rate hospital deaths were excluded. 
Standard formulae were used for statistical analysis. 


Results 


HOSPITAL MORTALITY 

There were eight (10-5%) early deaths (within 30 
days of the operation) and none of them was related 
to valve failure. Six patients died from cardiac 
causes which were: myocardial failure in three 
instances, ventricular arrhythmia in two, and myo- 
cardial infarction in one. The other two deaths were 
caused by gastrointestinal haemorrbage in one 
patient and renal failure in another one. Pre- 
operatively, all these patients were in either New 
York Heart Association class III or IV. 


LATE MORTALITY 

There were three (3-9%) late deaths, at three, five, 
and 12 months after operation. The causes of death 
were urinary tract infection. and Gram-negative 
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septicaemia, myocardial failure, and cardiac failure 
after reoperation for bacterial endocarditis. 

The actuarial analysis predicts that 94-7 +3-9 per 
cent of hospital survivors will be alive at one and at 
three and a half years after valve replacement 
(Fig. 1). 

The 65 long-term survivors have been followed 
for a total of 1257 patient months, with a mean 
individual follow-up of 19:3 months (range three to 
42). 


% MULTIPLE VALVE REPLACEMENT 


98.321.7% 


96.3:3,6% 
947:39* 
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ma RE-OP — (19 a cud 
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o 6 2 8 2 3 36 42 
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Fig. 1 Actuarial analysis of results after multiple 
valve replacement with pericardial xenografts. The data 
are expressed as percentage of expected survival rate 
and individual event-free curves. The numbers along 
the horizontal axis denote the number of patients at 
the beginning of each six-monthly period. Hospital 
mortality has been excluded from actuarial calculation. 


THROMBOEMBOLISM 

Long-term anticoagulation was not used. One 
patient (1:395) with mitral, aortic, and tricuspid 
valve replacement developed a transient left hemi- 
paresis on the second postoperative day. Actuarially 
it is predicted that 98-3--1-7 per cent of patients 
will be free from embolism at three and a half years 
after valve replacement (Fig. 1). Thrombotic valve 
obstruction has not been encountered in this series. 


BNDOCARDITIS 

Two patients (2:695) developed endocarditis, at 12 
and 20 months after operation. The first patient 
was reoperated upon and died in the early post- 
operative period. The second patient, who de- 
veloped Rickettsial endocarditis, is undergoing 
long-term medical treatment, which at the time of 
writing appears to be controlling the disease. 


REOPERATION 
Three patients (2-995) underwent reoperation. One 
had replacement of the infected pericardial valve, as 
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described above, and two patients had closure of 
perivalvar (mitral) leak, at five days and 10 months, 
respectively, after valve insertion. Both these 
patients are alive and well. 96:3-E3:6 per cent of 
hospital survivors are predicted not to need re- 
operation at one and at three and a half years after 
valve replacement (Fig. 1). 


CLINICAL DATA 

Forty-eight of the 65 long-term survivors had been 
in New York Heart Association class III and 12 in 
class IV preoperatively; 5 had been in class II. At 
the latest postoperative visit 39 were now in class 
I and the remaining 26 were in class II (Fig. 2). 

The preoperative cardiothoracic ratio of the 
entire group was 62-3 -1:22 per cent and it had 
decreased significantly to 57.5 1:0 per cent 
(p«0-001) at the latest postoperative visit. On 
analysis of the three subgroups this high level of 
significance applied only to those patients with mi- 
tral and aortic valve replacement (p « 0:001), though 
the other two subgroups also showed significant 
reductions in cardiothoracic ratio (Fig. 2). 

There were no changes in the proportion of 
patients with atrial fibrillation (7495) and with sinus 
rhythm (26%) between the preoperative and the 
latest postoperative visit. No significant change was 
noted in either left or right ventricular forces in the 
electrocardiogram. 


HAEMODYNAMIC DATA 

The results of the haemodynamic investigations are 
summarised in Table 5. The cardiac output was 
normal in patients with either mitral and aortic, or 
mitral and tricuspid valve replacement, while in 
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Fig.2 Diagrammatic representation of pre- and 
postoperative New York Heart Association class status 
and cardiothoracic ratio of 65 long-term survivors. 
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Table 5 Postoperative haemodynamic data (mean values -- SEM) of seven patients with multiple valve replacement 





Transvalvular gradient (mmHg) XSA (cmt) 








Valves No.of CI RAP PAP PWP LVEDP 
replaced patients (| ier, (mmHg) (mmHg) (mmHg) (mmHg) Mital* Aortict Tricuspid Mitral Aortic Tricuspid 
perm 
Mitral and 
aortic 1 277 6 26 17 i4 6:4 60 — 2:0 l4 — 
Mitral and 26 9-0 28-7 17-4 13-7 6:6 — 28 1:9 — 2:2 
tricuspid 3 +06 +23 +37 +20 +26 +06 +05 i01 40-1 
Mitral, aortic 2-4 10-4 31-2 18-6 15-4 62 70 3-0 19 13 21 
and 3 +02 +23 25-0 +3-0 x24 +14 +10 30-6 i02 +02 +01 
tricuspid 





Abbreviations: SEM, standard error of the mean; CI, cardiac index; RAP, mean right atrial pressure; PAP, mean pulmonary artery 
pressure; PWP, mean pulmonary wedge pressure; LVEDP, left ventricular end-diastolic pressure; XSA, calculated xenograft surface area. 


* Mean diastolic gradient. t Peak systolic gradient. 


patients with triple valve replacement it failed to 
reach normal levels. The calculated surface area 
ranged from 1-0 to 1-4 cm? for aortic, 1-7 to 2-1 cm? 
for mitral, and 2-0 to 2-4 cm? for tricuspid peri- 
cardial xenografts. The transvalvular gradients were 
negligible across the aortic and small across the 
mitral and tricuspid valves. At angiography all 
xenografts were found to be competent. 


Discussion 


Very encouraging long-term clinical and haemo- 
dynamic results after isolated mitral or aortic valve 
replacement with the pericardial xenograft have 
already been reported,'-? but there is no published 
data concerning the use of the Ionescu-Shiley 
pericardial xenograft for multiple valve replacement. 
'The present study has shown very good survival 
and considerable clinical and haemodynamic im- 
provement in patients with multiple valve replace- 
ment up to three and a half years after operation. 
'The hospital mortality of 10-5 per cent compares 
favourably with reported data?-?? and none of the 
hospital deaths was related to valve failure. All 
. patients who died were in New York Heart Associa- 
tion class III or IV. There were only three late 


the survival curve of this group (for the initial 
three and a half postoperative years) is comparable 
to the survival of patients with single valve replace- 
ment. This observation is at variance with other 
reports!? 21 ?? which show a lower survival ratio in 
patients with multiple valve replacement. 
Thrombotic valve obstruction, which has been 
described with mechanical prostheses!??! and 
porcine valves,????4 has not been encountered 
with the pericardial xenograft, either with single 
valve, or in the present series of multiple valve re- 
placement, though long-term anticoagulation was 
not used. The absence of thrombotic obstruction is 
the more significant in the present series as it 
includes 22 patients in whom the tricuspid valve 
has been replaced. Even though 74 per cent of 
patients were in chronic atrial fibrillation pre- and 
postoperatively, there was only one transient 


SURVIVAL RATE 





947:39X 


ER 850:78* 





deaths (3.995) in the present series during the 99] ee mum aoro. 
follow-up period and all occurred within 12 deme, MITRAL d 
months of operation. 701 wee AORTIC 


Actuarially it is predicted that 94-7 +3-9 per cent 
of hospital survivors will be alive at one and at three 
' and a half years after valve replacement (Fig. 1). 
This actuarial survival rate is similar to the figures 
reported with either mechanical prostheses!*—16 18 21 
or porcine valves!517 20 22 for similar periods of 
follow-up. Fig. 3 shows, for comparison, the sur- 
vival curves of patients having isolated aortic or 
mitral valve replacement with pericardial xeno- 
grafts. "Though the duration of follow-up of 
patients with multiple valve replacement is shorter, 
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Fig. 3 Actuarial representation of survival rates in 
patients with multiple valve and single mitral or aortic 
valve replacement. The continuous line denotes patients 
with multiple valve replacement. The broken lines show 
patients with single valve replacement. 
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embolic event (0:95 episodes/100 patient years) 
in this series and it occurred on the second post- 
operative day in a patient with triple valve replace- 
ment. Actuarially it is predicted that 98-3 +1-7 per 
cent of our patients with multiple valve replacement 
will be free from embolism three and a half years 
after operation (Fig. 1). 

The embolic rate in this series is lower than that 
reported from patients having multiple valve re- 
placement with either mechanical prostheses?14 19 18 
or porcine valves. 2°22 This low incidence of 
embolism is comparable with that encountered in 
patients having single valve replacement with 
pericardial xenografts and observed for a similar 
duration of follow-up, as shown in Fig. 4. It is 
interesting that the embolic episodes in patients 
with either single or multiple valve replacement 
with pericardial xenografts all occurred in the first 
six postoperative weeks, ??5 the only exception 
being a left fermoral artery embolus 67 months after 
isolated mitral valve replacement in one patient.?? 
The results from this study have reinforced our 
conviction that long-term anticoagulant treatment 
in patients with pericardial xenografts is unneces- 
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Fig. 4 Actuarial representation of event-free curves 
for embolism in patients with multiple valve and single 
mitral or aortic valve replacement. 
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sary, the most likely explanation for the absence of 
thrombotic valve obstruction and for the very low 
embolic rate being the superior hydraulic 
characteristics of this valve compared with the 
porcine valve.? 27 

The incidence of endocarditis in this series (1-9 
episodes/100 patient years) is similar to that re- 
ported with other types of valve replace- 
ment.1?-14 16 20 

All patients derived considerable benefit from the 
operation, 60 per cent being in New York Heart 
Association class I and 40 per cent in class II at the 
most recent follow-up. 

The haemodynamic investigations performed in 
seven patients at a mean of 12 months after 
operation showed normal cardiac outputs at rest. 
The pulmonary wedge and left ventricular end- 
diastolic pressures did not return to normal levels, 
which is not unexpected as all these patients had 
been in New York Heart Association class ITI and 
IV preoperatively. Similar observations have been 
made by others.!5 +° 2t The peak systolic and mean 
diastolic gradients across the aortic and atrioven- 
tricular valves were similar to those which have been 
obtained in patients with isolated aortic or mitral 
valve replacement with pericardial xenografts.4-° 
The calculated surface areas of the aortic pericardial 
xenografts were 1 cm? or larger. Thus complicated 
annuloplastic procedures are unnecessary in patients 
with a small aortic annulus because of the optimal 
ratio of implantation diameter to orifice area of the 
pericardial xenograft valve. The mitral and tricuspid 
xenografts had areas around 2 cm*, These data from 
a small number of patients having multiple valve 
replacement are similar to those obtained in a larger 
series of patients with isolated aortic or mitral 
valve replacement with pericardial xenografts.’ * 
For this reason catheterisation of a larger number 
of patients with multiple replacements was not 
considered at this stage. 

Table 6 summarises the incidence of major 
complications in our entire experience with 590 
pericardial xenografts inserted in 506 patients. 
Mechanical dysfunction of the pericardial xenograft 


Table 6 Incidence of significant complications in patients with pericardial xenografts 





Episodes per 100 patient years 





Valves replaced No. of patients Years of follow-up Endocarditis Perivalve leak Embolism Valve `’ 
dysfunction 

Aortic 230 730 0-55 0-69 0-41 0-96 

Mitral 196 542 0:92 0-74 0:92 0:92 

Tricuspid 4 22 — — — — 

Multiple 16 105 19 r9 0-95 — 

Total 506 1399 0-79 0-79 0-64 0-86 
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has not been observed in either this multiple 
replacement series or the single replacement series 
using pericardial xenografts manufactured com- 
mercially? 25 and implanted since April 1976. 

In conclusion, this preliminary study of patients 
with multiple valve replacement has shown a very 
low propensity for embolism in the absence of long- 
term anticoagulation and superior haemodynamic 
performance of the pericardial xenograft when 
compared with other tissue values.!5 2° Continuous, 
systematic follow-up of patients with pericardial 
xenografts will provide the necessary data on 
progressively longer periods of observation. 
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Secondary carcinoma of left atrium simulating 


myxoma 
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London, and the Department of Histopathology, St Luke’s Hospital, Guildford, Surrey 


SUMMARY Three cases are presented in which secondary carcinoma in the left atrium mimicked atrial 
myxoma or infective endocarditis. Constitutional features of weight loss, fever, anaemia, leucocytosis, 
raised erythrocyte sedimentation rate, and systemic emboli were prominent clinical features. The 
association of these systemic manifestations with both secondary deposits in the atrium and atrial 
myxomata may be the result of an immune response to circulating tumour antigens. Mitral stenosis 
‘was present in two of the three patients suggesting that left atrial thrombus may provide a site for the 


seeding of malignant cells. 


In patients dying with disseminated secondary 
carcinoma a detailed and specific search of the heart 
at necropsy shows that between 5 and 25 per cent 
have cardiac deposits.|? The most frequent 
morphological patterns seen are diffuse pericardial 
deposits and one or more intramyocardial nodules, 
ranging in size from microscopical foci to those 
several centimetres across. In contrast to the 
relatively common pathological finding of cardiac 
secondaries, significant clinical symptoms or signs 
are rare. Characteristic clinical presentations include 
cardiac tamponade, ê .constrictive pericarditis,* 
atrial arrhythmias,? conduction disturbances, and 
obstruction to right ventricular outflow.* Systemic 
manifestations of fever, a high erythrocyte sedi- 
mentation rate, weight loss, anaemia, and abnormal 
serum proteins are phenomena usually associated 
with atrial myxomata,' 8 and may be found both 
with and without systemic emboli. We describe 
three cases in which these systemic manifestations 
were the presenting features of left atrial deposits 
from carcinomata. 


Case reports 


CASE 1 

A 72-year-old woman was admitted complaining of 
breathlessness for two years and sudden loss of 
movement in the left arm and leg. She was in atrial 
* Present address: The Cardiac Department, The London Hospital, 
Whitechapel, London El. 
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fibrillation with clinical signs of pulmonary hyper- 
tension, a soft opening snap, and a grade 2/4 mid- 
diastolic murmur. A dense left hemiparesis was 
noted but there was no splenomegaly, no splinter 
haemorrhages, and no evidence of emboli in the 
optic fundi. Investigation showed: Hb 11:3 g/dl; a 
leucocytosis of 26800; ESR 92 mm/h; serum 
Ig G, A, and M all normal; urine analysis, 20 
RBC/ mm; electrocardiogram, QRS axis +90° and 
partial right bundle-branch block. A chest x-ray 
film showed left atrial enlargement with dilated 
pulmonary veins. An echocardiogram showed left 
atrial dilatation and typical rheumatic mitral 
stenosis, with no evidence of left atrial myxoma. 
Diagnoses of rheumatic mitral stenosis and 
cerebral emboli were made. She was treated with 
anticoagulants and the ventricular rate was con- 
trolled with digoxin. The erythrocyte sedimentation 
rate and total white count showed no change and 
20 days after admission a profuse crop of splinter 
haemorrhages appeared in the left hand and a soft 
pansystolic murmur was noted. Despite persistently 
negative blood cultures and a sterile marrow 
aspirate, a diagnosis of bacterial endocarditis was 
made. Broad-spectrum antibiotic therapy was 
initiated, but had no effect, and the patient died. 
Necropsy showed moderate rheumatic mitral 
stenosis (valve orifice 1-8 cm*). The left atrium was 
partially occupied by a layer of pale friable thrombus 
containing abundant malignant cells (Fig. 1). The 
left adrenal contained a necrotic tumour, 2:5 cm in 
diameter, extending into the perirenal fat. Cerebral, 
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Fig. 1 Case 1: View of left 
atrium from above showing friable 
mural thrombus, Histology showed 
the presence of numerous 
malignant cells, 


renal, and splenic emboli consisted largely of tumour 
cells. Electronmicroscopy showed neurosecretory 
granules in isolated tumour cells suggesting a 
primary adrenal medullary tumour. 


CASE 2 
A 76-year-old woman gave a history of rheumatic 
fever at the age of 35. She had presented at the age 
of 74 with severe dyspnoea and was found to have 
tight mitral stenosis. Mitral valvotomy was carried 
out and her dyspnoea was dramatically improved. 
Sixteen months later, however, she became generally 
unwell with a persistent low grade pyrexia and 
weight loss. There were persistent and unchanging 
physical signs of mild mitral stenosis and regurgita- 
tion. Investigations showed: ESR greater than 
120 mm/h; Hb 8-6g/dl; total white blood cell 
count 26 000; alpha-2-globulin increased; fibrino- 
gen increased to 8:3g/l. Though the patient 
continued to lose weight and remained pyrexial, 
blood cultures were persistently negative. An echo- 
cardiogram showed a left atrial dimension of 6:3 cm 
but no detectable myxoma. 

Necropsy showed a tumour mass 40cm in 
diameter within the interatrial septum and eroding 
into the left atrium where it was covered by 


thrombus. The mitral valve showed chronic 
rheumatic valve disease with scarring from a 
previous valvotomy (orifice 2:5 cm?). A 6cm 


tumour mass was found within the left adrenal 
extending into perirenal fat. No other tumour 
deposits were found and the histology suggested a 
primary malignant adrenal tumour. Electron- 
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microscopy did not show secretory granules within 
tumour cells and there was insufficient other 
evidence to classify the tumour as medullary or 
cortical. 


CASE 3 
A 38-year-old woman presented with sudden onset 
of a mild left hemiplegia, chest pains, and breathless- 
ness. Three years previously she had been treated 
for stage IIb carcinoma of cervix by radiotherapy. 
Two weeks after admission to hospital a blotchy 
skin rash and subungual splinter haemorrhages 
appeared. Investigations on initial admission 
showed: Hb 14-1 g/dl; total white cell count 
16400; ESR 60 mm/h. She remained apyrexial 
throughout. A chest x-ray film showed shadowing 
in the left upper lobe. Lower limb phlebograms 
did not show venous thrombosis and a lung scan 
was normal. The clinical diagnoses considered 
were pulmonary emboli and bacterial endocarditis 
but blood cultures and serological tests for brucello- 
sis and psittacosis were negative. The patient 
deteriorated and in view of the previous history of 
carcinoma and persistent lung shadow it was felt 
that disseminated malignancy was likely. 
Necropsy showed pulmonary lymphatic tumour 
permeation, metastatic tumour in paracolic, coeliac, 
and hilar lymph nodes, and small hepatic deposits. 
The heart was normal apart from a rounded mass, 
measuring 2 - 1:5 cm, firmly attached to the centre 
of the atrial surface of the anterior cusps of the 
mitral valve. The underlying cusp was slightly 
thickened but with no destruction of valve tissue. 


Secondary carcinoma of left atrium simulating myxoma 
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Fig. 2 Case 3: Photomicrograph showing tumour embolus in a medium sized renal artery. 


Histologically the mass consisted of tumour cells 
with a superficial covering of thrombus. The 
kidneys showed one area of infarction which was 
the result of tumour embolus (Fig. 2). 


Discussion 


In necropsy series the frequency of myocardial or 
pericardial secondaries may be as high as 25 per cent 
because of selection.* * Even in retrospect, however, 
the majority of patients with cardiac secondaries 
have no recognisable clinical symptoms or signs. 
Thus in 302 patients with cardiac secondaries,* 
only six had related symptoms, three with peri- 
cardial tamponade caused by malignant effusions 
and three with atrial tachyarrhythmias associated 
with intra-atrial tumour deposits. 

Glancy and Roberts‘ in a retrospective study of 
the clinical data of 70 patients with disseminated 
malignant melanoma could not separate those with 
and those without cardiac metastases. Thurber and 
his colleagues" reviewed the electrocardiograms of 
148 patients who had cardiac secondaries; 48 were 
abnormal, but in none was the abnormality clearly 
related to the secondary deposits. Berge and 
Sievers? also failed to show any specific electro- 


cardiographic abnormalities in patients with cardiac 
secondaries. In some instances, however, myocardial 
metastases have been shown to produce electrical 
abnormality simulating ischaemic damage.” Thus, 
the great majority of cardiac metastases are clinically 
silent and the general systemic manifestations and 
embolic phenomena found in our three patients 
have not been previously emphasised. 

Systemic manifestations including fever, high 
erythrocyte sedimentation rate, raised white blood 
cell count, and increased serum globulins are 
usually regarded as characteristic of left atrial 
myxomata and were found in varying combinations 
in 40 of 45 patients with this condition. The 
mechanism of these systemic phenomena is 
obscure but has been linked to either necrosis 
within the myxoma!! or an immune response to 
tumour antigens.'* '* In the three cases presented 
here systemic manifestations were associated with 
secondary carcinoma in the left atrium, and this 
supports the theory that tumour cells within thrombi 
in the systemic circulation may be a potent stimulus 
for an immune response to tumour antigens. Pure 
thrombus in the left atrium, commonly seen in 
chronic rheumatic disease, is not associated with 
such a clinical picture. 
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The systemic manifestations and embolic pheno- 
mena in the cases presented here initially raised the 
clinical possibility of atrial myxomata. In the first 
two cases a left atrial mass was apparently excluded. 
by echocardiography. The failure of the echo- 
cardiograms to show the tumour mass in these 
patients probably reflects its sessile nature and its 
fixation to the atrial wall. After left atrial myxoma, 
infective endocarditis remained the most likely 
clinical diagnosis despite negative blood cultures. A 
case of left atrial metastases from an unrecognised 
ovarian choriocarcinoma presenting with anaemia, 
leucocytosis, and a high erythrocyte sedimentation 
rate posed the same clinical differential diagnostic 
problems.4 

In the first two cases it seems likely that circulating 
tumour cells seeded in a pre-existing left atrial 
thrombus and subsequently grew into a larger 
tumour mass. The presence of chronic rheumatic 
valve disease leading to left atrial thrombus 
formation was therefore an important common 
factor in these two patients. In the last case, 
however, the tumour mass was located on the atrial 
aspect of the anterior mitral valve cusp rather than 
in a pre-existing thrombus. In patients with 
disseminated malignancy, non-bacterial endocarditis 
is not an uncommon finding. If these marantic 
(non-bacterial thombotic endocarditis) vegetations 
are sectioned a tiny proportion is found to contain 
malignant cells. It seems possible that in our third 
patient this process provided the nidus for tumour 
growth, a process which has been aptly named 
malignant endocarditis.^ Microscopical malignant 
vegetations may be more common than is usually 
realised but probably few patients live long enough 
to develop a large tumour mass. 
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Fibrinolytic treatment of thrombus on prosthetic 
heart valves 
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From Tenon Hospital, Paris, France 


SUMMARY Fibrinolytic agents were administered for 13 episodes of thrombus formation on mitral or 
aortic valvar prostheses in 12 patients. The most common presenting features were pulmonary oedema 
(six cases) or arterial emboli (six cases). The diagnosis of thrombus formation was made by phono- 
cardiography on the following criteria: (a) modifications of the prosthetic sounds (12 cases), (b) 
appearance of a valvar obstructive syndrome (10 cases). 

The treatment consisted of streptokinase (100 000 units/h after a loading dose, seven cases) or 
urokinase using either low doses (75 000 to 112 500 units/h, three cases) or moderate doses (150 000 
units/h, three cases) for one to four days. 

Immediate complete regression of clinical and phonocardiographic anomalies was seen in eight 
cases. Incomplete improvement was seen in two patients, leading to operation: this was unsuccessful in 
one patient who had surgery on the third day, and was successful in the other on the 75th day. There 
were three failures leading to successful reoperative procedures in two patients and to an early death 
in the third patient suffering from acute myocardial infarction. One non-fatal haemopericardium was 
observed in a patient treated with streptokinase. No important side effect was noted during delivery in 
a pregnant woman. 

During subsequent follow-up, a recurrent episode of thrombus formation was observed in one 
patient, treated by fibrinolytic therapy with success. One patient had an operation for a valve replacement 
six months after fibrinolytic treatment because of non-thrombotic valvar dysfunction; the outcome was 


fatal. Six patients are alive and in good condition, with a follow-up of six months to five years. 


"Thrombus formation represents the main late 
complication of valvar prostheses. Since the first 
published observation, and the first successful 
treatment by new-valve replacement,? many cases 
have been reported. Emergency surgical treatment, 
however, may be hazardous under some conditions, 
with a mortality rate about 50 per cent? Taking 
into account the first reported successful treatment 
with streptokinase, we decided to manage such 
patients initially with fibrinolytic therapy. 


Subjects and methods 


Twelve patients were treated for 13 episodes of 
thrombotic obstruction of a prosthetic valve. There 
were five men and seven women (including one 
who was 8 months pregnant), with ages ranging 
from 23 to 69 years (average 51 years). 

Received for publication 7-February 1980 


There were eight Starr-Edwards prostheses of 
the following types: four series 6120 in the mitral 
position (including one which was subject to a 
recurrent episode of thrombus formation in a 
patient with a chronic pulmonary artery throm- 
bosis); one series 6400 in the mitral position; and 
three series 1260 in the aortic position. There were 
four Bjórk-Shiley prostheses, of which three were 
in the mitral position and one was in the aortic 
position. 

The presenting features included pulmonary 
oedema in six cases (acute in three of them), 
systemic arterial emboli in six cases, angina pectoris 
in two cases (one of them having had a normal 


.coronary arteriogram four months previously), 


myocardial ischaemia in one case, and myocardial 
infarction in two cases (one of them with low 
cardiac output (Table 1). 

All patients received anticoagulant drugs. This 
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treatment produced an effect within the therapeutic 
range in eight episodes (seven patients), with pro- 
thrombin times, evaluated with rabbit brain throm- 
boplastin, below 35 per cent. The treatment was 
inadequate in the other five patients (Table 2). 


Table 1 Clinical manifestations 





Symptoms No. of cases 
Acute pulmonary oedema 
Subacute pulmonary oedema 
Cerebral emboli 

Angina pectoris 

Limb emboli 

Myocardial ischaemia 
Myocardial infarction 

Low cardiac output 


MDNR NN PO) 





CRITERIA FOR DIAGNOSIS 

The diagnostic criteria were based on the association 
of abnormal prosthetic sounds and murmurs related 
to an obstructive syndrome.’ Phonocardiograms 
were performed for all patients, using a Mingograf 
81 seven-channel direct ink-writing recorder, 
providing a frequency response from 20 to 800 
cycles. Chart speed was 100 mm per s. Carotid 
pulse was recorded with an EMT 5 105 transducer. 
'Time intervals were corrected according to heart 
rate using the Bazett formula,® and carotid ejection 
time was calculated as a percentage of normal using 
the Hartman diagram.” Echocardiograms were 
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performed on eight patients, using a Smith-Kline 
Ekoline 20-A apparatus. These two techniques 
were performed before, and 12, 24, and 48 hours 
after fibrinolytic therapy, taking care to use the 
same amplitude for all traces in the same patient. 

The other investigations consisted of cine- 
fluoroscopy (nine patients), left ventriculography 
(two patients), and left heart catheterisation 
(one case). 


FIBRINOLYTIC TREATMENT 
The fibrinolytic treatment used was streptokinase* 
in seven instances and urokinase in six instances. 
Urokinaseft was chosen in case 3 because of previous 
allergic symptoms and in case 6 because of recent 
treatment by streptokinase. In the four other cases, 
it was an arbitrary choice. 

Streptokinase was administered continuously via 
a peripheral vein with an infusion pump. According 
to recommendations,® an initial dose of 500 000 
international units (IU) together with 50 mg 
hydrocortisone were administered over 30 minutes, 
followed by 100000 IU per hour over a period 
of 12 to 96 hours. As soon as the fibrinogen level 
exceeded 1:5 g per l, heparin infusion was intro- 
duced to bring the patient's recalcification clotting 
time to at least twice the control value.? 

Urokinase was administered empirically in the 
recommended doses, irrespective of body weight. 
Infusion was by a similar technique, using an 


*Streptokinase (Hoechst Laboratories) 
TUrokinase (Choay Laboratories) 





Table 2 
Case Sex Age Weight Prosthesis Anticoag. Symptoms Diagnosis Treatment 
no. (9) (hg) 
1 M 47 62 M Björk Adequate Acute pulmonary oedema PCG +, cine 0 SK 4 days 
2 F 64 48 Ao Starr Inadequate Arterial emboli, myocardial PCG +, cine 0 UK 1 day, 75.000 U/h 
infarction, shock 
3 M 50 64 Ao Starr Adequate Angina pectoris Coron, PCG + UK 1 day, 112 500 U/! 
4 M 54 70 Ao Starr Inadequate Cerebral embolism, myocardial PCG 0, cine 0, SK 2 days 
infarction cineangio 0 
5 M 59 60 M Starr Adequate Subacute pulmonary oedema PCG +, cine 0, echo 0. SK 1 day 
6 Same patient Adequate Subacute pulmonary oedema PCG +, echo 0 UK 2 days, 150 000 U. 
7 F 68 59 M Björk Adequate Acute pulmonary oedema PCG +,cine +,echo0 SK 2 days 
8 F 53 51 M Starr Adequate Subacute pulmonary oedema PCG +, cathet +, UK 2 days, 150 000 U, 
; cine +, echo 0 
9 M 55 7i M Starr  Inadequate Cerebral embolism, myocardial PCG +, echo +, UK 3 days, 300 000 U 
ischaemia cine + every 6 hours 
10 F 57 56 M Björk Adequate Acute pulmonary oedema PCG +, echo +, UK 2 days, 150 000 U 
cine 0 
11 F 26 52 M Starr Inadequate Arterial embolisms PCG +, cine 0, SK 12 hours 
(Pregnancy) ^ echo 0 
12 F 52 61 M Starr Adequate Cerebral embolism PCG +, cine 0, SK 2 days 
cineangio 0 
13 F 23 52 Ao Björk Inadequate Cerebral embolism PCG +, cine 0 SK 2 days 


p—————Á ———— ——— SPP PSSST SRA ——— P eo a 


M, mitral; Ao, aortic; cine, cinefluoroscopy; echo, echocardiography; cineangio, cineangiography; PCG, phonocardiogram; Coron, coronary 


arteriography; Cathet, left catheterisation. 


+, Examination typical of thrombus. 0, No sign of thrombosis. +, Equivocal examination. 


Fibrinolytic treatment of thrombus on prosthetic heart valves 


initial dose of 150 000 IU over 30 minutes, followed 
by 75000 to 150000 IU per hour for 24 to 48 
hours. Individual infusion rates were as follows: 
75 000 IU per hour (1560 IU/kg) in case 2, 112 500 
IU per hour (1760 IU/kg) in case 3, and 150 000 
IU per hour in the three other patients (2500 IU/kg 
in case 6, 2940 IU/kg in case 8, 2680 IU/kg in 
case 10). Simultaneous heparin infusion was insti- 
tuted to attain the modifications in the recalcifi- 
cation clotting time. In case 9 urokinase treatment 
consisted of 300 000 IU every six hours over three 
days using intermittent intravenous injections: this 
low dosage did not justify serum fibrinogen level 
measurements. 

Heparin was replaced by oral anticoagulants after 
seven to 15 days of fibrinolytic therapy. 


Results 
Clinical details are summarised on Table 2. 


Diagnosis was made in all cases but one by phono- 
cardiography. 


` MITRAL PROSTHESES (9 episodes) 


(a) Before treatment 

There was a positive diagnosis in nine episodes, 
relying on the following: a conspicuous decrease or 
disappearance of the opening click (all cases); 
associated with a prolonged diastolic rumble (cases 
5, 6, 7, 8, 10, 11, 12); in cases 5, 6, 7, 8, 10, and 
12 carotid ejection time was obviously reduced. 
In addition a late systolic murmur was noted twice 





'mmediate results 


Follow-up 





3uccess 
failure 


juccess 
‘ailure 


juccess 
iuccess 


*uccess 
success 


failure 


"ransient clinical 


Haemopericardium operated on 12th day; 6 month: 
surgery (prosthesis dysfunction), death 

Death 24th hour during transfer to surgical centre; 
necropsy: thrombosis 

Well and alive after 5 years 

Surgery 20th day: thrombosis-Hancock 


2nd thrombosis 75th day 

Death after 24 years (pneumonia). Necropsy: normal 
prosthesis 

Well and alive after 3 years 

Well and alive after 2 years 


Surgery 8th day: thrombosis-Starr 


Surgery 3rd day: partial thrombosis lysis; operative 
death 


improvement 
uccess Uterine haemorrhage, normal delivery, normal child; 
Alive and well after 2 years 
dinical and PCG Cerebral embolism at 8th day, surgery 75th day: 
improvement thrombosis-Hancock 


uccess 


Alive and well after 6 months 
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in the patient with recurrent thrombosis (cases 
5 and 6). 

'The traces showed a normal closing click in all 
patients and, when it could be measured, a normal 
second sound to prosthetic opening click interval 
(except for case 1, where it was shortened). 


(b) After treatment 

In six cases there was complete disappearance of 
the diastolic rumble as well as any systolic murmur, 
and recovery of a normal opening click. In case 12, 
the amplitude of the opening sound remained 
abnormal. For the last two patients (cases 9 and 10) 
the phonocardiogram remained unchanged. 


AORTIC PROSTHESES (4 episodes) 

(a) Before treatment 

'There was a positive diagnosis in all but one case 
(case 4) based on the occurrence of the following 
features compared with reference traces: a pro- 
longed high frequency delayed peak systolic murmur 
in three patients (cases 2, 3, 13) with a palpable 
thrill in case 13; a decrease in the amplitude ratio 
of the aortic opening to the aortic closing sound 
(Hylen ratio) related to a conspicuously reduced 
opening click in cases 2 and 3 (in case 13 the 
association of a predominant decreased closing click 
led to an increase in this ratio, see Fig. 3); the de- 
velopment of a faint diastolic murmur in cases 2, 3, 
and 13; and finally the following carotid pulse 
modifications: increase of ejection time in two cases 
(3, 13), increase of half-rise tíme in all cases, and a 
coexistent slight "aortic stenosis-like" pattern with 
modification of the incisura in all cases. 


(b) After treatment 

'The phonocardiogram remained completely un- 

changed in case 2. In the two other diagnosed cases 

(cases 3 and 13) the traces showed the complete 

disappearance of all the anomalies. . 
Other investigations included the following: 


ECHOCARDIOGRAPHY (Table 2) 

In two out of eight cases abnormal prosthetic 
motions were noted. In these two (cases 9 and 10) 
no improvement was seen. 


CINEFLUOROSCOPY (Table 2) 

Two out of 10 cases (cases 8 and 9) showed a 
clearly impeded ball excursion. In case 7, it was less 
obvious. In seven cases it was normal. After treat- 
ment, there was an improvement in only one of the 
two cases with definite abnormality (case 8). 


TRANSSEPTAL LEFT HEART 
CATHETERISATION 
This was performed in one case (case 8) and showed 
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a left atrioventricular gradient of 9 mmHg. 


LEFT CINEANGIOCARDIOGRAPHY 
This was performed twice (cases 4 and 12) without 
producing any positive evidence of thrombus. 


EARLY SURGERY (five patients, Table 2) 

OR A POSTMORTEM EXAMINATION (case 2) 
These confirmed thrombus formation in all cases. 
There were organised thrombi on the rings and 
on the struts of Starr-Edwards prosthesis in cases 
2, 4, 9, and 12 which impeded the motion of the 
balls. In case 2, an acute myocardial infarction 
was found with thrombus in the left coronary artery, 
presumably embolic in origin. In a fifth patient 
(case 10) a non-organised and non-occlusive 
thrombus was observed covering a small area of 
the disc of the Bjórk-Shiley prosthesis. The 
surgeon’s impression was that the clot was friable, 
suggesting that partial lysis had occurred. Case 1 
was operated upon six months after fibrinolytic 
treatment and the only surgical finding was 
dysfunction of the prosthesis. Case 6 died later from 
pneumonia. The prosthesis was normal. 


FIBRINOLYTIC TREATMENT 
In seven cases fibrinolytic treatment was with 
streptokinase and in six cases with urokinase. 


Clinical course 

The clinical course is set out in Table 2. For those 
treated with streptokinase, there were four im- 
mediate complete successes with a follow-up in the 
survivors of three years (case 7), two years (case 11), 
and six months (case 13). The fourth patient 
(case 1) was initially improved but developed 
progressive dyspnoea that led to late reoperation. 
Dysfunction of the prosthesis was found and the 
patient died after operation. 

Of the three other cases treated with strepto- 
kinase, there was one initial success with complete 
clinical improvement, but thrombus formation 
recurred two and a half months later, leading to a 
second successful course of fibrinolytic treatment 
using urokinase (case 5); case 12 showed incomplete 
clinical and  phonocardiographic improvement, 
leading to a successful reoperation on the 75th 
day; case 4 had a complete failure of fibrinolytic 
treatment but successful reoperation on the 20th 
day. 

For those patients treated with urokinase there 
were three complete successes, with a follow-up 
of five years (case 3), two and a half years (case 5), 
and two years (case 8). In case 10 the clinical 
improvement was only transient, leading to re- 
operation on the third day, with surgical death. 
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For the last two cases there was complete failure 
of treatment: case 2, who suffered from myocardial 
infarction with cardiogenic shock, died 24 hours 
later before operation could be performed. Case 9 
was successfully reoperated on a week after pre- 
sentation. These two patients received very low 
doses of urokinase on a body weight basis (Table 2). 


Fibrinogen levels 
These are summarised in Table 3. 

For streptokinase the maximal fibrinogen decrease 
(observed within 24 hours) ranged between 0 and 
0-9 g/l in six cases. The fibrinogen level was 1-5 g/t 
in the seventh case. 

For urokinase in the three patients receiving a 
150 000 IU per hour dosage (1500 to 3000 IU/kg 
per hour) the fibrinogen decreased between 2 and 
2:8 g/l. It remained unchanged in cases 2 and 3, 
who were receiving a smaller dose. It was not 
controlled in case 9 who was receiving intermittent 
small doses. 

No significant correlation exists between this 
early clinical course, the fibrinogen decrease, and 
the duration of the treatment. We observed six 
successes among seven patients with a low fibrino- 
gen level, one success among three patients with 
unchanged (or probably unchanged: case 9) levels, 
and two successes among three patients with 
intermediate levels (Table 3). 


COMPLICATIONS 

There were two patients with haemorrhage. Case 
1 developed a haemopericardium after treatment 
with streptokinase for four days. A predisposing 
lesion was postoperative pericarditis, clinically 
diagnosed before administration of streptokinase 
on the following criteria: pericardial rub heard a 
week before thrombus formation and increase of 
cardiothoracic ratio after operation. Pericardio- 


Table 3 Fibrinogen levels 
Fibrinogen (g/l) 


Case Treatment Immediate 
no. Before After results 
treatment treatment 
1 SK 45 15 Success 
2 UK 48 45 Failure 
3 UK 6:2 5:9 Success 
4 SK 27 0-8 Failure 
5 SK 48 0:8 Success 
6 UK 5-0 2:8 Success 
7 SK 3-2 0-9 Success 
8 UK 41 23 Success 
9 UK Not done Not done Failure 
10 UK 3-9 20 Failure 
il SK 60 0 Success 
12 SK 2-7 0-6 Success 
13 SK 44 05 Success 





SK, streptokinase; UK, urokinase. 
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centesis was successfully performed on the 12th 
day after treatment with streptokinase. Case 1 
bled from the uterus during delivery and caesarean 
section was required. 


Discussion 


All types of prosthetic valves may develop throm- 
bus, particularly the most commonly used: 
Starr-Edwards prostheses ;!° #4 Bjérk-Shiley pros- 
theses ;}? 15 Lillehei-Kaster prostheses.4 

This complication appears to be more frequent 
in the atrioventricular than in the aortic position. 
Its frequency is reduced by using effective anti- 
coagulant treatment./* Nevertheless in eight out of 
13 instances included in this paper thrombus 
formations occurred in spite of adequate treatment. 
The diagnosis may be suspected in any case with 
sudden reappearance of signs of valvar obstruction, 
especially pulmonary oedema, acute coronary 
insufficiency, and/or systemic arterial embolism. 

In our experience, the most reliable positive 
contribution to the diagnosis of a thrombosed 
prosthesis is provided by the phonocardiogram. 
The alteration in the prosthetic clicks, especially the 
opening click, as first stressed for mitral prostheses 
by Spencer,? led to a positive diagnosis in 12 out 
of 13 instances of thrombus formation (92%). 
But the specific element of the obstructive type of 
dysfunction relies on the association with the 
prosthetic sound alterations of an obstructive 
phonocardiographic syndrome as previously des- 
cribed.? The main features of this syndrome are the 
appearance of a prolonged diastolic rumble for 
atrioventricular valves and of a delayed peak high 
frequency “stenotic like" systolic murmur with 
carotid pulse changes for the aortic prostheses. 
This phonocardiographic obstructive syndrome 
was present in 10 out of 13 patients (77%). In the 
mitral position, where thrombus formation is the 
usual cause of obstruction, prolonged diastolic 
rumble is always abnormal. Its significance is 
completely different from that of the brief func- 
tional rumble which may be heard on normal 
prostheses. Its diagnostic value is particularly 
important with the Bjórk prosthesis, often charac- 
terised by a faint or even absent opening click 
which does not per se indicate dysfunction." This 
fact underlines the need for a careful recording 
technique to detect the abnormal rumble of mal- 
functioning prostheses, using an adequate gain, 
adequate frequencies (chiefly mid-frequencies), 
and sometimes manoeuvres to enhance the murmur 
(left lateral position, exercise, amyl nitrite). As for 
the second sound to opening click interval variation, 
it was unreliable in our study; the same applies to 
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the closing sound and to regurgitant murmurs. 

For aortic prostheses (especially of the Björk- 
Shiley type), the wide variation from patient to 
patient in the ratio of intensity of opening sound 
to closing sound calls for caution in the clinical 
interpretation of this as an isolated physical sign 
in the absence of previous phonocardiographic 
control. An apparent increase of this ratio may be 
present paradoxically even in the presence of valve 
dysfunction as a result of a predominant decrease 
in the closing click, as shown in our case 13 
(Fig. 3). In the same way, slight isolated indenta- 
tions on a carotid pulse tracing may exist with a 
normally functioning aortic Bjórk prosthesis and 
are not diagnostic of obstruction unless associated 
with timing abnormalities and systolic murmur 
modifications; it is essential to follow the latter 
since the systolic murmur observed with Bjórk 
prostheses may be somewhat longer and peak later 
than the one seen with Starr-Edwards prostheses. 
All these factors underline the diagnostic value 
of the association of several signs of obstruction, 
and also the need for systematic postoperative 
control tracings. 

Despite similar phonocardiographic features, the 
thrombotic origin of the obstruction can be distin- 
guished from aortic ball variance!? by the effect of 
fibrinolytic therapy. The therapeutic improvement 
may be followed with serial phonocardiograms 
which may show regression of the auscultatory 
anomalies and modifications of the carotid eiection 
time (increases for thrombolysis in the mitral 
position and decreases for thrombolysis in the 
aortic position). We found that unchanged measure- 
ments implied persistent thrombus. Though very 
sensitive for the types of prostheses included in this 
paper, our phonocardiographic obstructive criteria 
may not be applicable to the more recent types of 
prostheses for which the normal phonocardio- 
graphic criteria (sounds as well as murmurs) differ 
from those of standard valves. This may limit the 
value of  phonocardiographic detection of 
dysfunction. 

Echocardiography provides an interesting con- 
tribution to the study of prosthetic valve function, 
but does not solve all the problems." It may lead 
to a diagnosis of thrombosis when an abnormal 
prosthetic motion is displayed,}* especially when 
compared with a previous recording.!? Moreover, 
echocardiography may be usefully associated with 
phonocardiography for the identification of an 
opening sound which is delayed,?? or inapparent, 
as for example with a Lillehei-Kaster prostheses," 
For mitral prostheses with a short second sound to 
mitral valve opening interval, the study of the left 
ventricle and septal motion can help in distinguish- 
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ing between paravalvar regurgitation, left ventri- 
cular malfunction, and prosthetic obstruction.’ #4 
In our patients, however, only two of eight record- 
ings suggested thrombotic obstruction. Perhaps 
the introduction of cross-sectional echocardiography 
will lead to improved assessment. 

It has been suggested that cinefluoroscopy may 
help when it shows alteration in the motion of a 
prosthetic valve. It was evident in only two of 
our patients, and doubtful in two other cases. Since 
the introduction of a radio-opaque marker in the 
recent Bjérk-Shiley prosthetic discs the correct 
identification of altered motion suggesting throm- 
botic obstruction may be easier. 

Other investigations are invasive. Catheterisation 
may be useful. A right heart catheterisation may 
be performed easily using a Swan-Ganz catheter, 
but when an increase in the capillary wedge 
pressure exists it does not differentiate between left 
heart failure and prosthesis dysfunction. This does 
not apply to left heart catheterisation, which 
strongly suggests the diagnosis when a gradient is 
present, as in our case 8. Cineangiocardiography 
has also helped diagnosis in cases of aortic prostheses 
dysfunction.” These invasive procedures are diffi- 
cult to perform however and make later fibrinolytic 
therapy bazardous. 

Surgical cure of prosthetic thrombosis involves 
either simple thrombectomy, or more often the 
insertion of a new prosthesis. It does not prevent 
recurrent thrombosis as shown in Inberg's obser- 
vation?? and in our case 7. The risk is also con- 
siderable when operation is performed as an 
emergency procedure. In d'Allaines series,’ it 
resulted in eight deaths (all but one emergency 
operations) out of 16 patients. This 50 per cent 
mortality rate is higher than that caused by reopera- 
tion for paravalvar leak (15 deaths out of 82 patients 
or 18%), which rarely requires an emergency 
procedure. The surgical risk of reoperation for 
thrombosis is lower when the haemodynamic 
condition is satisfactory.? 

All these considerations justify the use of 
fibrinolytic therapy which may be used immediately 
without important risks even for patients in poor 
condition. Furthermore, surgery may still be 
performed if medical treatment fails, though few 
cases have been reported.* ??-?* We have been using 
this treatment routinely since 1972, with satis- 
factory results. In our study of 13 cases we obtained 
eight immediate successes with complete disap- 
pearance of clinical and  phonocardiographic 
anomalies. We also had two partial successes, one 
of these patients also surviving. But the possibility 
of recurrent thrombosis must be kept in mind: 
case 5 (later case 6) developed a second thrombus 
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75 days after the first course of treatment and was 
successfully treated with urokinase. 

Our experience of six successful cases followed 
up from six months to five years shows that removal 
of the prostheses is not necessary after successful 
fibrinolytic therapy. It may sometimes be desirable 
to replace a thrombosed prosthesis with a biological 
valve, but even in such cases initial fibrinolytic 
therapy may permit better operating conditions 
and lower mortality. 

Fibrinolytic therapy must be given only when a 
diagnosis of thrombus formation is clearly estab- 
blished by the non-invasive methods described 
above, and when its effect may be monitored by 
the same techniques over the first 24 hours. The 
absence of improvement must lead to reoperation, 
which may be performed two hours after fibrino- 
lytic activity has been neutralised using protease 
inhibitors. 

The choice of fibrinolytic drug, as well as the 
dosage, is still debated: either streptokinase or 
urokinase may be used in moderate (1500 to 3000 
IU/kg per hour) or high (4400 IU/kg per hour)” 
doses. We prefer to use streptokinase because of 
its lower cost and its proven efficiency, but uro- 
kinase will be prescribed more often for allergic 
patients, or after previous treatment using strepto- 
kinase. Though our study does not lead to any 
definite therapeutic recommendations, it seems 
that most of the successes have been observed when 
the fibrinogen level was below or equal to 1-5 g/l 
(six out of seven patients). We had only one success- 
ful case among the three patients with high 
fibrinogen levels. This fact should favour the use 
of streptokinase or a high dose of urokinase. 

'The most serious complication was haemorrhage 
which occurred in two of our patients. In both 
cases, a predisposing factor was present: haemo- 
pericardium developed in a patient with clinically 
diagnosed postoperative pericarditis, and vaginal 
bleeding occurred during delivery in the other 
patient. . 

As for the return to anticoagulant treatment, we 
believe that heparin should usually be given as soon 
as the fibrinogen level reaches 1-5 g/l, generally 
within 24 to 48 hours of the beginning of fibrino- 
lysis. Later on, if no operation has been done, oral 
anticoagulant therapy should be resumed. Non- 
invasive monitoring should be performed at close 
intervals, at least for the first year, for an early 
detection of recurrent thrombus formation. 


Illustrative case histories 


CASE 3 
A 50-year-old man, weighing 64 kg, was operated 
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on in March 1973 for aortic valve stenosis. Pre- 
operative coronary angiography gave normal 
findings. A Starr-Edwards prosthesis (1260) was 
inserted. Control of postoperative anticoagulant 
therapy (ethyldicoumarol) seemed satisfactory. 

In July 1973, angina pectoris suddenly occurred 
and lasted until December 1973. At that time the 
patient was unable to hear the prosthetic sounds, 
and had no other symptoms. Thrombotic dys- 
function of the prosthesis was diagnosed with the 
phonocardiogram on 17 December. The fibrinogen 
level was 6-2 g/l. Because of iodine allergy, another 
coronary arteriogram was not performed. Fibrino- 
lytic therapy using urokinase was undertaken on the 
18 December (112 500 IU/h, 1760 IU/kg per hour, 
over 24 hours) On 19 December, the patient 
again became aware of prosthetic sounds and the 
phonocardiogram returned to normal. The fibri- 
nogen level was 5:9 g/l. Angina ceased and the 
patient has remained free of symptoms until now. 


CASES 5 AND 6 

A 59-year-old man weighing 60 kg underwent 
surgery in November 1974 for rheumatic mitral 
stenosis with atrial fibrillation, associated with a 
chronic right pulmonary artery thrombosis. A 
Starr-Edwards prosthesis of series 6120 was 
inserted. Subsequent anticoagulant treatment using 
acenocoumarol was apparently effective. 

In October 1975, progressive subacute pul- 
monary oedema appeared with simultaneous 
decrease in prosthetic sounds. Cinefluoroscopy and 
an echocardiogram of the prosthesis remained 
normal, but the phonocardiogram indicated a 
diagnosis of thrombus involving the prosthesis. 
"The fibrinogen level was 4-8 g/l. 

On 5 November, thrombolytic therapy using 
streptokinase was undertaken over 24 hours. By 
6 November, pulmonary oedema had regressed. 
‘The patient noted the reappearance of his pros- 
thetic sounds, and the phonocardiogram became 
normal (Fig. 1). The fibrinogen level was 0-8 g/l. 
In spite of appropriate anticoagulant treatment, 
subacute pulmonary oedema recurred on 15 
January 1976, and prosthetic sounds ceased. The 
phonocardiogram showed the same abnormal 
features as in November 1975, whereas the echo- 
cardiogram was again normal. The fibrinogen 
level was 5 g/l. 

On 21 January, a second course of fibrinolytic 
treatment using urokinase (150 000 IU/h, 2500 
IU/kg per hour, over 48 hours) was undertaken 
(Fig. 2). All the symptoms had disappeared by the 
23 January. The fibrinogen level was 2:8 g/l. The 
phonocardiogram regressed to normal. The patient 
teceived the same anticoagulant therapy as pre- 
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viously and remained free of symptoms until 
August 1978. He then died because of a pulmonary 
infection and septicaemia. Necropsy ruled out any 
dysfunction of the prosthesis. 


CASE 7 

A 68-year-old woman weighing 59 kg underwent 
commissurotomy for mitral stenosis in 1957, 
followed by insertion of a Starr-Edwards mitral 
prosthesis (6120) in 1966. Apparently effective 
anticoagulant therapy was given using phenindione. 
The first occurrence of thrombus on the prosthesis 
necessitated operation on 30 December 1975 
(insertion of a Bjórk-Shiley prosthesis). Subsequent 
anticoagulant therapy was in the therapeutic range. 

On 14 February 1976, subacute pulmonary 
oedema occurred. Clinical examination disclosed 
a decrease in the amplitude of the prosthetic 
sounds. Echocardiogram was normal, whereas 
cinefluoroscopy gave equivocal results. Phonocar- 
diogram led to the diagnosis of thrombosis. The 
prothrombin ratio was 27 per cent, and the fibri- 
nogen level was 3-2 g/l. 

On 15 February thrombolytic therapy using 
streptokinase was given for 48 hours. The fibrinogen 
level was 0-9 g/l after 12 hours and 1-7 g/1 48 hours 
later. 

In spite of the patient becoming aware of valve 
sounds and regression of pulmonary oedema, the 
treatment had to be continued for a second 24 
hour period until phonocardiographic anomalies 
disappeared completely. Valve function remains 
normal, with a follow-up of three years. 


CASE 11 

A 26-year-old woman, weighing 52 kg, underwent 
surgery in 1975 for mitral stenosis with insertion 
of a Starr-Edwards (6400) prosthesis. In 1976 
she was pregnant, and in the eighth month of 
pregnancy anticoagulant therapy consisted of 
calcium heparinate. This treatment was ineffective. 
At the ninth month, two episodes of aphasia 
occurred and on 28 January 1977 the patient was 
admitted for an axillary embolism. Cinefluoroscopy 
and echocardiography were normal, but phono- 
cardiography led to diagnosis of thrombotic 
involvement of the valve. The fibrinogen level 
was 6 g/l. : 

Treatment using streptokinase was undertaken. 
During the third hour, the signs of axillary em- 
bolism disappeared but a transient episode of 
aphasia occurred. Twelve hours after treatment 
was started a uterine haemorrhage occurred, with 
rupture of the membranes. The fibrinogen level 
was 0. Streptokinase was stopped and fibrinogen 
and protease inhibitors were prescribed. A 
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Fig. 1 (case 5)—Starr-Edwards mitral prosthesis no. 6120. Obstructive dysfunction. From top to bottom: 
electrocardiogram, lead II; carotid pulse; apex phonocardiograms ( F2 low frequencies, F3 middle frequencies, 

F4 middle high frequencies, F5 high frequencies, F6 audible frequencies). Chart speed 100 mm's. LLP, left lateral 
position. (A) 10/12/74 : postoperative control phonocardiogram. Normal function as assessed by the closing and 
opening prosthetic click (arrows): amplitude is clearly greater than that of the second sound. Diastole free of vibrations. 
Ejection time 85 per cent of normal. (B) 4/11/75 : the disappearance of the opening click associated with the delaved 
(little arrow) prolonged diastolic rumble enhanced by left lateral position, led to the diagnosis of obstruction, reflected 

in the decrease in the carotid ejection time ( 7094, normal). Also late systolic murmur and increased pulmonary 
component of second sound. (C) 5/11/75: after 24 hours of streptokinase all the anomalies disappeared, the opening 
click (oblique arrow) reappeared, and carotid ejection time increased to 85 per cent of normal. 
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Mitral prosthesis dysfunction (Starr) (2nd dysfunction Feb 76) 
Fig. 2 Same patient, recurrent dysfunction of the Starr-Edwards prosthesis. Same abbreviations as Fig. 1. Before 
urokinase the same conspicuous anomalies reappeared. After 24 hours of treatment, the improvement was considerable. 
Though there was incomplete persistence of systolic and diastolic vibrations, increase in pulmonary component of 
second sound, and carotid ejection time was still reduced (85%, of normal). After 48 hours of urokinase, the 
phonocardiogram returned to normal with a normal opening click amplitude and a normal carotid ejection time (95%, 
of normal). 
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Aortic Björk prosthesis thrombosis 


Fig. 3 (case 13j—Aortic Björk prosthesis dysfunction. 2/3/78 : postoperative control phonocardiogram. Normal function : 
a normal aortic Björk prosthesis phonocardiogram often involves a slightly prolonged systolic murmur, an AO!AC ratio 
clearly less than 1 ( here 0-34) , and some irregularities of the carotid pulse pattern. The systolic murmur is mainly 
displayed on the middle frequency, and rapidly decreases after its systolic peak. The ejection time (100°4,) and the 
half-rise time (0-047 s) are normal. Normal sequence of the second sound components. In diastole, there is discrete 
mitral opening snap resulting from previous mitral commissurotomy. 24/5/78—the diagnosis of dysfunction is assessed 
by the changes (oblique arrows) in the systolic murmur, in the amplitude of the click compared with that of the 
murmur (clearly less) and in the pattern and timing of the carotid pulse (ejection time: 125% of normal, half-rise 
time 0-074 s) leading to paradoxical splitting of the second sound. Note an unusual increase in the AO; AC ratio (0-46 } 
caused by the simultaneous alteration of the two prosthetic clicks. There was also a faint diastolic murmur, and a 
systolic thrill. 25/5/78—after 24 hours of streptokinase there was improvement in the pattern of the carotid trace 
(ejection time 105%, of normal, half-rise time 0-054 s) and phonocardiographic anomalies. Because of the clear 

increase of the closing click, the AC! AO ratio has paradoxically returned to 0:20 though dysfunction no longer existed. 
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Limitations of two frame method for displaying 
regional left ventricular wall motion in man 


D L MARIER, D G GIBSON 
From Brompton Hospital, London 


SUMMARY Regional abnormalities of left ventricular function are frequently determined from super- 
imposed cavity outlines at end-diastole and end-systole. The timing of end-diastole is standardised 
with respect to the electrocardiogram, but that of end-systole is undefined, and frequently determined 
by simple inspection. To examine the effect of variation in the timing of the end-systolic frame on 
apparent regional wall motion, 35 left ventricular angiograms from patients with ischaemic heart disease 
were digitised frame by frame, and the timing of aortic valve closure and mitral valve opening super- 
imposed on contour displays. In 15 patients, the pattern in the two frame display with end-systole 
taken as aortic valve closure was similar to that when it was taken as mitral valve opening. In the remain- 
ing 20, however, there were major discrepancies between the two, because of changes in cavity shape 
during isovolumic relaxation. These shape changes were the result of asynchronous termination of 
systole in different regions of the ventricle. In addition, there was a significant increase in left ventricular 
cavity area of 3-9+1-7 per cent during isovolumic relaxation, corresponding to an increase in calculated 
volume of 8-1+4-5 per cent. Estimates of ejection fraction derived from end-systole taken at end- 
ejection were thus consistently greater than those at mitral valve opening. These differences in the 
apparent pattern of regional wall motion resulting from lack of definition of end-systole are large com- 
pared with those reported after intervention angiography, or surgery. Thus, if two frame methods are 
to be used, the timing of end-systole must be standardised. We suggest that end-ejection be used. 


Changes of shape during isovolumic relaxation should be considered separately. 


Regional abnormalities of left ventricular wall 
movement are a significant feature of coronary 
artery disease, so that their detection and docu- 
mentation by angiography forms an essential part 
of the assessment of such patients. A left ventricular 
angiogram, however, contains so much information 
that it is not usually possible to assimilate it all using 
purely manual methods. For this reason, it has 
become customary to demonstrate regional left 
ventricular wall movement by superimposing end 
diastolic and end-systolic cavity outlines. If the 
only abnormalities of wall movement were those of 
amplitude, such a display would be. adéquate, 
provided that the timing of the two frames was 
appropriate. In practice, however, this method 
appears to have limitations. While end-diastole can 
be determined either with reference to the electro- 
cardiogram or the onset of tension development, 
end-systole, even in the normal subject, is un- 
defined. In coronary artery disease, the timing as 
well as the amplitude of wall motion may be 
Received for publication 24 April 1980 


abnormal. In particular, in ischaemic myocardium, 
the duration of tension development may be pro- 
longed,? so that end-systole occurs at different 
times in different parts of the same ventricle. We 
have therefore investigated possible limitations in 
the two frame technique for displaying regional wall 
motion arising from this lack of definition of end- 
systole. We have varied the timing of the end- 
systolic frame within the period of isovolumic 
relaxation and have examined the effect on regional 
wall movement as displayed by the two frame 
method. : 


Subjects and methods 


Left ventricular angiograms from 120 patients who 
had undergone cardiac catheterisation for assess- 
ment of ischaemic heart disease were reviewed. Of 
these, the timing of aortic valve opening and closure 
was apparent in 25. In these cases, the cusps were 
visible within the aortic root. The timing of aortic 
valve opening was taken as the frame in which the 
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cusps had just begun to lift and separate. Complete 
opening had usually occurred by the succeeding 
frame. Aortic valve closure was taken as apposition 
of the cusps, this frame usually being preceded by 
one showing them in the half closed position. 
Mitral valve opening was taken as the first frame 
showing unopacified blood within the left ventri- 
cular cavity from the left atrium.? 

Left ventriculograms were performed during 
diagnostic cardiac catheterisation. À bolus of 40 ml 
contrast was injected into the ventricle at 15 ml/s, 
with the patient in the right anterior oblique 
position. A film speed of 50 frames/s was used. 
Ectopic and post-ectopic beats were not studied. 
Calibration was by means of a grid exposed at mid- 
chest level. The left ventriculograms were digitised 
frame by frame.’ The following information was 
derived: 

(1) A continuous plot of cavity area, and volume, 
derived using the regression equation of Dodge 
et al.* 

(2) The time of minimum cavity area. 

(3) The change in area and calculated volume 
between aortic valve closure (AVC) and mitral valve 
opening (MVO). 

(4) Values of ejection fraction, calculated using 
the frame synchronous with aortic valve opening as 
end-diastolic, and end-systolic taken as (a) the 
frame synchronous with aortic valve closure 
(EF.AVC), or (b) with mitral valve opening 
(BF.MVO).5 

(5) A pair of two frame displays, with the end- 
diastolic outline in both taken as that synchronous 
with aortic valve opening, and end-systolic as (a) 
that of aortic valve closure, or (b) of mitral valve 
opening. 

The apparent pattern of regional wall motion on 
the two displays was compared, and discrepancies 
between the two were noted. Particular attention 
was paid to the following. 

(a) Reversal of systolic wall motion between the 
two, that is one display showing regional inward 
and the other outward movement affecting the 
same area. 

(b) Differences in tbe regional amplitude of 
movement between the two displays, amounting to 
more than 5 mm. This figure was chosen on the 
grounds that differences of this magnitude, observed 
as the result of an intervention, would probably be 
regarded as clinically significant. , 

The statistical significance of differences between 
means was assessed, where appropriate, by Student's 
t test. Linear regression was performed by the 
method of least squares fit. 
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Fig. 1 Normal left ventricular volume plot from a 
cineangiogram. The timing of A2 (aortic valve closure) 
and MVO (mitral valve opening) are indicated. 
There is an increase in calculated volume between the two. 


Results 


(1) CHANGE IN CAVITY AREA AND VOLUME 
DURING ISOVOLUMIC RELAXATION 

"There was a consistent increase in cavity area during 
the period between aortic valve closure and mitral 
valve opening (Fig. 1) of 3-9 -- 1-7 per cent, which 
was significantly different from zero (p«0-001). 
This corresponded to an increase in cavity volume 
of 8144-5 per cent. In patients with regional 
abnormalities of wall movement during isovolumic 
relaxation, the increase in area was 4:5+1-4 per 
cent, significantly greater than the value of 3:0 +1-6 
per cent found in those without such abnormalities 
(p «0-01). 


(2) EFFECT OF TIMING OF END-SYSTOLE 
ON CALCULATED LEFT VENTRICULAR 
EJECTION FRACTION 
As a result of the apparent change in cavity volume 
between the times of aortic valve closure and 
mitral valve opening, there were consistent dif- 
ferences in ejection fraction resulting from these 
differing values of end-systolic volume. 'The mean 
value of ejection fraction with end-systole taken as 
aortic valve closure (EF.AVC) was 68:3 per cent, 
and as mitral valve opening (EF.MVO) was 59-9 
per cent. The corresponding regression equation 
was: 

(EF.MVO)=0-98 (EF.AVC)— 7-2 per cent 


r —0-96, and the standard error of the estimate was 
4:9 per cent. The intercept differed significantly 
from zero (p «0-05). Estimates of ejection fraction 
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Fig. 2 Comparison of estimates of ejection fraction, 
taking end-systole as mitral valve opening (MVO) 
and aortic valve closure (AVC). 


calculated when end-systole was taken as mitral 
valve opening were thus significantly lower than 
when aortic valve closure was used (Fig. 2). 


(3) DISCREPANCIES IN ASSESSMENT OF 
REGIONAL WALL MOTION 

The two displays, one with end-systole taken as the 
time of aortic valve closure and the other as that of 
mitral valve opening, agreed in describing wall 
motion in 15 patients. In eight of these, contraction 
pattern was normal, and ejection fraction (AVC) lay 
' between 67 and 87 per cent. In four patients there 
was generalised hypokinesis, with values of ejection 
fraction (AVC) between 24 and 57 per cent. In 
only three of these patients were regional abnor- 
malities of wall movement present, involving the 
anterior wall in two and the apex in one. In the 
remaining 20, however, there were major discrepan- 
cies between the two displays (Fig. 3 and 4). In 
eight, outward movement was shown by one of the 


AVC MVO 


Fig. 3 Comparison of two frame displays of regional 
left ventricular wall motion from a single cardiac cycle. 
End-diastolic outlines are identical, but end-systole was 
taken as AVC on the left, and MVO on the right. 
Wall motion on the left appears normal, but hypokinesis 
is demonstrated on the right. 
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AVC MVO 


Fig. 4 Comparison of two frame displays from a 
single beat. Layout as Fig. 3. Aneurysmal movement 
at the apex on the left-hand display can be compared 
with generalised hypokinesis on the right. 


' pair suggesting an aneurysm, but not by the other. 


This involved the apex in three, the anterior wall in 
two, and the inferior wall in a further three. An 
example is given in Fig. 4. In four patients, the 
display showing outward movement was that with 
end-systole taken as synchronous with aortic valve 
opening (AVC display), and in four it was with end- 
systole taken as synchronous with mitral valve 
opening (MVO display). More commonly, however, 
discrepancies between the two displays related to 
apparent regional hypokinesis. In 10, the anterior 
wall was involved, and in ail, the apparent abnor- 
mality was present on the MVO display. The 
inferior wall was involved in six. In three the 
amplitude of wall motion was lower on the AVC 
display, and in three on the MVO display. The 
apex was involved in three cases and, as with the 
anterior wall, the reduced amplitude of wall 
motion was seen in the MVO display. Both anterior 
and inferior walls were involved in three patients. 


(4) RELATION BETWEEN TIMING OF 
MINIMUM CAVITY AREA AND THAT OF 
AORTIC VALVE CLOSURE 

Since cavity area increases during isovolumic re- 
laxation, it seemed possible that minimum cavity 
area might be used to gain some idea of the timing 
of aortic valve closure if this was not visible on the 
angiogram. The results are shown in Fig. 5. 
'Though the two were synchronous in 10 patients, 
there was considerable scatter, with differences of 
four or five frames, corresponding to time intervals 
of 80 to 100 ms. 


Discussion 


In view of its relative simplicity, the two frame 
technique seems to have much to recommend it as a 
means of displaying regional left ventricular wall 
motion. Indeed, it has been extensively used, and 


Number of patients 
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Fig. 5 Histogram plot showing the relation between 
aortic valve closure and minimum cavity area shown by 
the arrow. 


forms the basis of the classification of abnormal wall 
movement that is still in widespread use. It has 
also been used to express the results of intervention 
angiography, an increase in the amplitude of 
regional wall movement resulting from post- 
extrasystolic potentiation, administration of 
glyceryl trinitrate, " exercise,® or catecholamines? 
being taken as evidence of reversible ischaemia. The 
method has been used to document acute changes in 
wall motion brought about.by atrial pacing,!^ and 
has been elaborated to quantify wall motion along a 
series of transverse or radial axes using complex data 
handling techniques." 12 It has also been used to 
assess the results of surgery. 

The present results suggest that the interpreta- 
tion of two frame displays may not be entirely 
straightforward. Discrepancies caused by variation 
in the timing of end-systole are the result of changes 
in cavity shape during the period of isovolumic 
relaxation. These changes have been studied in 
detail by a number of authors, 14 15 and are shown 
to be of two types. A primary abnormality appears 
to be prolongation of inward wall movement, 
behaviour often shown by the myocardium within 
the territory of a diseased coronary artery. Asso- 
ciated with this is premature outward movement 
elsewhere in the cavity, usually affecting the anterior 
wall or, less commonly, the apex. This early outward 
movement is accompanied by premature thinning 
of the wall and is not therefore the result of overall 
movement of the heart in space. Myocardium 
showing this behaviour frequently shows normal 
systolic behaviour, so that its outward movement is 
assumed to be the result of inward movement else- 
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where in the cavity at a time of constant left ven- 
tricular volume. 

These considerations stress the difficulty of 
defining the timing of the end of systole. Changes 
of cavity shape during isovolumic relaxation indicate 
that contraction ends asynchronously, being pro- 
longed in those ischaemic areas which show de- 
layed inward movement, and normal, or even short, 
in those moving outward early. ‘“Systole” thus ends 
at different times at different places in the cavity, 
and end-systole as a single event has no meaning. 
'There is no more reason for taking its timing as 
synchronous with aortic valve closure than with 
mitral valve opening, and, indeed, with as much 
reason one could take any other arbitrary time 
between the two. 

The mechanism of changes of shape discussed 
above has important applications to the determina- 
tion of the pathological significance of local abnor- 
malities of wall movement. A regional reduction in 
amplitude is frequently taken as evidence of seg- 
mental myocardial disease or depression of function. 
If the end-systolic frame, however, is taken towards 
the end of isovolumic relaxation, than an apparent 
reduction in regional amplitude on a two frame 
display can result from early outward movement 
and not from failure of contractile function at all. 
This was commonly seen in the present series of 
patients, particularly when it affected the anterior 
wall or the apex, so that of the 16 cases with 
apparent hypokinesis affecting these regions, the 
wall had, in fact, shown normal inward movement 
during ejection in 13. Uncertainty as to the timing 
of end-systole can thus lead beyond a simple failure 
of quantification to misinterpretation of the patho- 
logical significance of apparently disturbed wall 
motion. 

Although the major errors resulting from the lack 
of definition of end-systole cóme from uncertainty 
in the detection and interpretation of regional wall 
motion, a second problem is in the determination of 
ejection fraction. This is the result of an apparent 
increase in left ventricular volume immediately 
before mitral valve opening, as shown by Ruttley and 
his colleagues.!5 Ejection fraction is an empirical 
measurement that is very widely used to assess left 
ventricular function, yet its significance is not 
defined in physical terms. Though the. correlation 
coefficient between determinations based on end- 
systole as aortic valve closure and mitral valve 
opening was very high, values taken with the latter 
timing were consistently smaller by approximately 
8:5 per cent. 

'The changes in cavity shape and apparent volume 
described above are large enough to cause un- 
certainty in the interpretation of wall motion 
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abnormalities in the control state. Though we have 
not investigated the question in detail, they are 
large compared with those commonly reported as 
the result of intervention angiography. If, for 
example, the display shown in Fig. 3 (left) had 
followed glyceryl trinitrate administration, a post- 
ectopic pause, or even an operation, and that shown 
in Fig. 3 (right) had represented the control state, 
then erroneous conclusions might readily be drawn. 


Similarly, an error in resting ejection fraction of 8:5- 


per cent would probably not lead to clinical mis- 
management, but might be considered significant if 
it had followed the administration of a drug, or some 
other intervention. It is clear, therefore, that 
standardisation is required. We would reiterate 
(Wiggers!?) that the term end-systole should not be 


used since it is undefined, and that end-ejection ` 


should be substituted. End-ejection can be unam- 
biguously determined from aortic valve closure, and 
detected non-invasively as the onset of the first high 
frequency component of the aortic component of the 
second sound. In the present series, aortic valve 
closure was visible angiographically in rather a small 
proportion of patients, but this was a retrospective 
series, and we have no doubt that the number 
could have been increased by appropriate position- 
ing and exposure. Unfortunately, the timing of 
minimum cavity area cannot be rigorously used as a 
substitute, because of its sensitivity to small errors 
in the determination of cavity area. We suggest, 
therefore, that if overall amplitude of wall motion 
is to be measured, this should be done over a well 
defined period in the cardiac cycle, preferably 
ejection. Changes in cavity shape during isovolumic 
relaxation. should be considered separately. The 
conclusion is difficult to avoid, however, that 
regional wall motion abnormalities cannot be 
assessed comprehensively using two frame methods, 

“however elaborate, and that frame by frame 
analysis is essential for an adequate description of 
these complex disturbances in patients with 
ischaemic heart disease. 
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Left ventricular dysfunction — 
bedside Valsalva manoeuvre 
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SUMMARY ‘Thirty-seven patients were evaluated before cardiac catheterisation by bedside physical 
examination, including Valsalva manoeuvre, to assess the value of the sphygmomanometrically 
determined arterial pressure responses during the Valsalva manoeuvre and to compare its sensitivity, 
specificity, and predictive accuracy in the detection of left ventricular dysfunction with that of the 
commonly used diagnostic signs including the chest x-ray. Patients not on beta-blockade treatment 
could be separated into three distinct arterial pressure responses detectable at the bedside which 
corresponded well to three statistically different groups with regard to left ventricular ejection fraction 
(0-29 2-0-11, 0-48 +.0-15, 06940-11) and left ventricular end-diastolic pressure (38-5 mmHg, 2410 
mmHg, 142-5 mmHg) at subsequent cardiac catheterisation. In patients not on beta-blockade it was 
shown for the first time that (1) the height of the systolic arterial pressure overshoot was directly related to 
left ventricular ejection fraction and inversely related to left ventricular end-diastolic pressure, and 
that (2) the bedside sphygmomanometrically determined arterial pressure response during Valsalva 
manoeuvre provided a semiquantitative estimate of left ventricular function and was unsurpassed in 


its ability to do so by any of the standard diagnostic signs including the chest x-ray film. 


Although Weber and not Valsalva first described 
the circulatory effects of airway straining,! the 
clinical manoeuvre consisting of sustained forced 
expiratory effort against an obstructed airway 
(closed glottis or column of mercury) bears the 
name “Valsalva” after its description by this man 
almost two hundred years ago.? The normal arterial 
blood pressure response to the Valsalva manoeuvre 
is an initial rise associated with the onset of 
straining (phase 1), followed by a sharp fall to. 
below baseline levels as the straining is maintained 
(phase 2). Release of strain (phase 3) is followed 
in the normal subject by a distinct overshoot of the 
arterial pressure (phase 4) creating a typical 
sinusoidal response (Fig. 1a) Hamilton first 
observed that during the straining phase of the 
Valsalva manoeuvre arterial pressure remained 
unchanged in patients with congestive heart failure 
instead of decreasing precipitously as in the 


Received for publication 8 April 1980 


normal? Though the bedside application of this 
manoeuvre for the detection of congestive heart 
failure was advocated over 20 years ago'-? haemo- 
dynamic studies demonstrating its relative sensi- 
tivity and specificity in this regard have been 
inadequate and perhaps are responsible for the 
conspicuous absence of this manoeuvre in most 
textbooks of physical diagnosis."-? 

Recent studies dealing with the usefulness of 
physical signs in detection of congestive heart 
failure depend upon a rise in left ventricular end- 
diastolic pressure obtained during left heart 
catheterisation to establish both the diagnosis 
and the degree of left ventricular dysfunction.!? #4 
The concomitant use of ejection indices of myo- 
cardial performance such as ejection fraction are 
considered by many to help substantially in 
establishing the diagnosis and degree of left ventri- 
cular failure.1?714 

The present report assessed the clinical value 
of the application of the Valsalva manoeuvre in the 
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detection of left ventricular dysfunction by investi- 
gating (a) the diagnostic accuracy of bedside 
sphygmomanometric detection of the arterial 
pressure response when compared with central 
aortic pressure tracings obtained during cardiac 
catheterisation; (b) the previously unreported 
relation between the systemic arterial pressure 
response and left ventricular ejection fraction; 
(c) the previously unreported relation between 
systemic arterial pressure response and left ventri- 
cular end-diastolic pressure; and (d) the value of 
this manoeuvre when applied prospectively at the 
bedside for the clinical detection of left ventricular 
dysfunction compared with the routine physical 
diagnostic signs, including chest radiography. 


Patients and methods 


Thirty-seven consecutive patients undergoing left 
heart catheterisation for evaluation of chest pain 
and/or dyspnoea were chosen for study. Patients 
with mitral or aortic stenosis, constrictive peri- 
carditis, coarctation of the aorta, and atrial septal 
defect were excluded by study design since pre- 
viously reported data!" suggest an abnormal 
response during the Valsalva manoeuvre in such 
individuals, possibly related to haemodynamic 
indices other than congestive heart failure itself. 
Diagnoses in this group of patients included six 
normal individuals, 25 with coronary artery disease, 
one with mitral valve regurgitation, three with 
aortic valve regurgitation and two with primary 
myocardial disease with associated mitral 
regurgitation. 

All patients were examined by three physicians 
(an internist and/or cardiologist, cardiology fellow, 


. and medical resident) within 12 hours before the 


time of cardiac catheterisation. To maximise the 
sensitivity of the routine physical signs, their 
presence during the examination by any of the 
above physicians was considered diagnostic in the 
case of that individual patient. The bedside 
performance of the Valsalva manoeuvre with 
sphygmomanometric detection of the arterial 
pressure response was done by a single physician as 
originally described by Knowles and Gorlin.® 
Briefly, the patient was instructed how to perform 
the Valsalva manoeuvre. The systolic blood pressure 
was routinely obtained while the patient was quietly 
breathing with normal tidal volumes in the supine 
position. The cuff pressure was then raised 
15 mmHg above the systolic pressure and the 
patient was asked to perform the Valsalva 
manoeuvre at the end of a normal inspiratory 
effort. The effectiveness of the procedure was 
assessed by noting if the patient had developed a 
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florid face, distended neck veins, and increased 
abdominal muscle wall tone. After 10 seconds the 
patient was instructed to relax his abdomen and 
resume normal quiet breathing. During the strain 
phase of the Valsalva manoeuvre and for 15 seconds 
afterwards the cuff pressure was held inflated 
15 mmHg above the previously determined systolic 
pressure while Korotkoff sounds were sought by 
auscultation over the brachial artery. Responses 
were characterised as either (a) sinusoidal, (b) 
absent overshoot, or (c) square wave (Fig. 1). 
Auscultation with cuff pressure held inflated 15 
mmHg above the previously determined systolic 
pressure disclosed Korotkoff sounds at the initiation 
of the straining phase (phase 1) in all three types 
of pressure responses. In both the sinusoidal and 
absent overshoot responses these sounds were not 
perceived during continued later straining. In the 
square wave response, however, the Korotkoff 
sounds were heard at this level of systolic pressure 
for the entire duration of the straining phase. Only 
those patients with a sinusoidal response had return 
of Korotkoff sounds at this maintained cuff pressure 
approximately three to 10 seconds (phase 4 or 
overshoot) after relaxation (phase 3). 

During cardiac catheterisation but before in- 
jection of any contrast material, the Valsalva 
manoeuvre was repeated with the patient sustaining 
a minimal effective intraoral pressure of 40 mmHg 
for 10 seconds. The arterial pressure response in the 
ascending aorta was recorded at a paper speed of 
25 mm/s. These responses were analysed with 
special attention to the height of phases 1 and 4 as 
well as the presence or absence of a decrease in 
pulse pressure during phase 2. 

End-diastolic pressure was identified as the 
pressure in the left ventricular chamber after atrial 
systole (post “a” wave) and before ventricular 
contraction. In patients in whom no “a” wave 
existed, end-diastolic pressure was measured 0:05 s 
after the onset of the QRS complex.? Mean 
pulmonary capillary wedge pressure (Pe) was 
substituted for left ventricular end-diastolic pressure 
in all three cases with chronic mitral regurgitation, 
since symptomatology and x-ray findings more 
often reflect this left ventricular filling pressure 
in these individuals. In all patients left ventricular 
end-diastolic pressure or Pe was obtained from a 
series of representative cardiac cycles. 

Left ventricular ejection fraction was determined 
by the single plane area length method’ as well 
as by Simpson’s rule. In all cases agreement 
between the two methods was excellent. The 
absolute values reported are those obtained by the 
area-length method. 

Patients on and off beta-blockade treatment were 
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analysed separately to exclude the effects of 
propranolol on left ventricular haemodynamics 
and/or baroreceptor mediated neural reflex arc. 
Significant differences between mean left ventri- 
cular end-diastolic pressures (Pc) and ejection frac- 
tions of the various systemic arterial pressure groups 
were sought using the two-tailed Student’s t test. 
Pearson “r” correlation coefficients between certain 
of the variables were calculated by the raw score 
method and linear regression equations derived by 
previously well-described methods." Differences 
between correlation coefficients were tested for 
significance by use of the Fisher transformation 
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Where available, routine posteroanterior and 
lateral chest x-ray films taken within 48 hours of the 
time of cardiac catheterisation were read independ- 
ently by two cardiovascular radiologists and 
graded for the presence of congestive heart failure 
without knowledge of the catheterisation findings. 
The grading system was as follows: 1, normal 
pulmonary blood flow with greater flow to the 
bases than the apices; 2, equal pulmonary blood 
flow distribution to the upper and lower lobes; 
3, cephalisation of pulmonary blood flow with 
upper lobe greater than lower lobe flow; 4, alveolar 
air space oedema. Cardiomegaly was defined as a 
cardiothoracic ratio > 0-50. 

Comparisons among the various physical diag- 
nostic signs in the detection of left ventricular 
dysfunction were made according to the following 
definitions: 

True positive: physical sign present, LVEDP 

215 mmHg?! 

True negative: physical sign absent, LVEDP 

<15 mmHg 

False positive: physical sign present, LVEDP 

<15 mmHg 
False negative: physical sign absent, LVEDP 
z 15 mmHg 

Sensitivity: true positives/total patients with 
LVEDP 2 15 mmHg 

Specificity: true negatives/total patients with 
LVEDP «15 mmHg 

PV pos (predictive value of presence of a 
physical sign): true positives/total number in 
whom physical sign is present 

PV neg (predictive value of absence of a 

physical sign); true negatives/total number 
in whom physical sign is absent 

PE (predictive error): false negatives/total 

number in whom physical sign is absent 


RR (relative risk): PV pos/PE. 
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Results 


(A) CATHETERISATION FINDINGS 
The three patterns of arterial pressure response 
during the Valsalva manoeuvre recorded at the 
time of cardiac catheterisation are shown in Fig. 1. 
Of 16 patients not on propranolol therapy, the 
“sinusoidal” response (Fig. 1A) was observed in 
seven patients with a mean left ventricular ejection 
fraction of 0-69 --0-11 and a mean left ventricular 
end-diastolic pressure of 14.5 mmHg. An “absent 
overshoot” of arterial systolic pressure < 15 mmHg 
above baseline,® was seen in four patients with a 
mean left ventricular ejection fraction of 0-48 0-15 
and mean left ventricular end-diastolic pressure of 
24 +-10 mmHg. A “square wave" arterial pressure 
response (Fig. 1C) was recorded in five patients 
with a mean left ventricular ejection fraction of 
0-29 -0-11 and mean left ventricular end-diastolic 
pressure of 38 +5 mmHg. Left ventricular ejection 
fraction means were significantly different for the 
square wave vs absent overshoot response (p « 0-01), 
square wave vs sinusoidal response (p « 0-001), and 
absent overshoot vs sinusoidal response (p « 0-005). 
Left ventricular end-diastolic pressure means 
were significantly different for the square wave vs 
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Fig. 1 Arterial pressure responses during Valsalva 
manoeuvre. (A) Sinusoidal arterial pressure response; 
(B) absent overshoot arterial pressure response; (C) 
square wave arterial pressure response. 


Bedside Valsalva and LV dysfunction 










Mean 
40, square 
wave : 
“Mean 
35 (3825) sinusoida 
wave 
(69411) 
. 30 
> g 
E Mean y Mean 
E 25 absent 5 absent 
- overshoot = overshoot 
o (24 #10) 8 ` (48515) 
Z 20 = 
c 
es = Mean 
ul Meon o 
> 45 sinusoidal 2 Ve. 
= hid: = (2941) 
(14 x5) 
10 
5 
0 
Overshoot Overshoot 


Fig. 2 Left ventricular ejection fraction and left 
ventricular end-diastolic pressure (LVEF and LVEDP) 
vs arterial pressure response during the Valsalva 
manoeuvre. ©, sinusoidal arterial pressure response; 

@, absent overshoot arterial pressure response; 
. @s, square wave arterial pressure response. 
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sinusoidal response (p «0:001) and absent over- 
Shoot vs sinusoidal response (p <0-05) (Fig. 2). 

In a similar group of patients it has been pre- 
viously shown that airway pressure during straining 
approximates closely to intraoesophageal pressure!? 
and that the latter during initial straining approxi- 
mates to the magnitude of the early systolic arterial 
pressure rise (phase 1).? In our study there was no 
significant correlation between the degree of 
systolic arterial pressure initially generated during 
the Valsalva manoeuvre (magnitude of phase 1) 
and the height of the overshoot (magnitude of 
phase 4), provided a sufficient increase in intra- 
thoracic pressure had taken place (intraoral pressure 
>40 mmHg for 10 seconds). The height of the 
pressure overshoot was, however, related directly 
to the magnitude of the left ventricular ejection 
fraction (r=0-72) (Fig. 3) and inversely to the 
magnitude of the left ventricular end-diastolic 
pressure (r =—0:79) (Fig. 4). 

In 21 patients receiving propranolol no significant 
correlation between left ventricular ejection fraction 
or left ventricular end-diastolic pressure and the 
height of the systolic arterial pressure overshoot 
was found (Fig. 5). Though propranolol did appear 
to decrease the level of overshoot, an overshoot 
>15 mmHg was always associated with a left 
ventricular ejection fraction >0:50 and left 
ventricular end-diastolic pressure <24 mmHg in 
all patients studied regardless of the aetiology of 
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Fig. 3 LVEF vs height of 
systolic arterial pressure 
„overshoot. ©, sinusoidal arteria 
response; @, absent overshoot 
arterial pressure response; 

@s, square wave arterial pressure 
response. 
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their heart disease and the presence or absence of 
beta-blockade treatment. 

No patient in this series suffered angina pectoris, 
syncope, or ST-T segment alterations during the 
Valsalva manoeuvre. 


(B) BEDSIDE VALSALVA FINDINGS 
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pressure response during the Valsalva manoeuvre 
accurately predicted the response recorded at 
catheterisation in (7/7), (3/4), and (4/5) patients 
with the sinusoidal, absent overshoot and square 
wave responses, respectively. A single case of 
absent overshoot response at catheterisation was 
misclassified clinically as sinusoidal. Similarly a 
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was clinically diagnosed as absent overshoot 
response. : 

Ráles (20%, 5/25), ventricular gallop sounds 
(S,G) (16%, 4/25), hepatojugular reflux (20%, 
5/25), jugular venous distension (20%, 5/25), and 
peripheral oedema (8%, 2/25) were extremely 
insensitive indicators of raised left ventricular 
end-diastolic pressure (Pe) (Fig. 6). An atrial 
gallop sound (S,G), while sensitive (68%, 17/25), 
suffered from relative lack of specificity (50%, 6/12) 
in this regard (Table). 

Fig. 6 also shows the data from posteroanterior 
and lateral chest radiography in this group of 
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patients. Five of six patients with either cephalisa- 
tion of pulmonary blood flow or alveolar air space 
oedema also had cardiomegaly. Four of six of these 
patients possessed square wave arterial pressure 
responses during the Valsalva manoeuvre. 

No patient in this series had angina pectoris 
or syncope during the bedside performance of the. 
Valsalva manoeuvre. Subsequent to analysis of 
these data, 25 additional patients with documented 
coronary artery disease and stable angina pectoris, 
who underwent the bedside Valsalva manoeuvre as 
previously described, had no development of 
chest pain during its execution. 
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Table Physical and radiological findings in left ventricular dysfunction 
Sign True+ True— False + False— Sens Spec PV pos PV neg RR 
SG 4 12 6 21 16 (31) 100 (95) 100 36 1-6 
S.G 17 6 6 8 68 50 74 43 13 
Riles 5 11 1 20 20 (13) 92 (91) 83 35 13 
HJR 5 12 0 20 20 (17) 100 (91) 100 38 r6 
JVD 5 12 0 20 20 (10) 100 (97) 100 38 1-6 
Peripheral 2 12 0 23 8 (10) 100 (93) 100 34 15 
oedema 
Non-sinusoidal 8 6 0 2 80 100 100 75 40 
sphygmomanometer, 
no propranolol 
Chest x-ray 12 9 2 ii 50 82 85 45 15 
Class 2, 3, 4 
pulm flow 
Chest x-ray 6 9 0 11 35 (62) 100 (67) 100 45 18 
cardiomegaly 





() data reproduced from Harlan et al. See Methods section of text for correlation definitions. 


566 


Discussion 


The Valsalva manoeuvre is generally divided by 
most cardiac physiologists into four more or less 
well-defined phases: phase 1—onset of straining 
with its associated arterial pressure rise; phase 2— 
straining; phase 3—release of strain; and phase 4— 
arterial pressure overshoot (Fig. 1A). Studies in 
man using the pressure-gradient technique have 
shown that in normal subjects the arterial pressure 
response during the four phases of Valsalva is the 
result of an acute increase in intrathoracic pressure 
(phase 1); decreased stroke volume secondary to 
decreased venous return and compensatory rise in 
peripheral vascular resistance with narrowing of 
pulse pressure (phase 2); an acute decrease in the 
level of intrathoracic pressure (phase 3); and a 
distinct increase in stroke volume over control 
level with concomitant decrease in peripheral 
vascular resistance (phase 4). M-mode echocar- 
diographic studies have shown reduced left atrial 
size,” and reduced left ventricular internal dimen- 
sion in systole and diastole with a resultant fall in 
stroke volume during phase 2.252 Angiographic 
methods have also shown decreased left ventricular 
end-diastolic volume and stroke volume during 
phase 2.? Echocardiography has failed, however, to 
document an increase in stroke volume during 
phase 4 above that of control levels.” Phases 2 
and 4 are associated with a relative tachycardia 
and bradycardia, respectively. 

Experimental work in the dog??? has yielded 
results consistent with the hypothesis that the 
normally present overshoot (phase 4) is the result 
of reflex sympathetic activity engendered by the 
hypotension present in several circulatory baro- 
receptors, including the carotid sinuses during the 
period that venous return is impaired.?? Arterial 
baroreceptor hypotension during phase 2 causes 
decreased carotid sinus nerve stimulation with 
enhanced alpha and beta sympathetic efferent traffic 
via the cardiac sympathetic nerves??? resulting 
in tachycardia (beta), enhanced contractility (beta), 
and increased peripheral vascular resistance 
(alpha).?? 34 

Physiological events are different in patients 
with left ventricular dysfunction and the square 
wave arterial pressure response during the Valsalva 
manoeuvre. Stroke volume increases initially 
(phase 1) and then continues to remain raised 
over control levels during the remainder of the 
strain period (phase 2). Immediately before phase 3 
there is a fall in stroke volume and a rise in peri- 
pheral vascular resistance.55 The relative tachy- 
cardia and bradycardia of phases 2 and 4, respect- 
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ively, are also conspicuously absent in this group of 
patients.?9, 

Previous studies in people dealing with the value 
of the Valsalva manoeuvre in the detection of 
congestive heart failure have been haemodynami- 
cally limited and have not dealt with the question 
of relative sensitivity and specificity when com- 
pared with the other physical diagnostic signs. 
Though Gorlin presented right heart catheterisation 
data in 78 patients, there were only seven presumed 
normal controls and six patients with presumed 
coronary artery disease in his series.!$ In addition 
perhaps 42 of 78 possessed cardiac lesions which, 
independent of associated congestive heart failure, 
might have been responsible for the abnormal 
circulatory response noted. As detailed previously, 
data from these patient groups were not included 
in our analysis. Moreover, of the remaining 36 
patients in Gorlin’s series, 13 had recordings 
of only the right atrial pressure as an estimate of the 
degree of “heart failure". In two other reports 
of haemodynamic studies using right heart catheter- 
isation techniques, the arterial response to the 
Valsalva manoeuvre could be attributed to the 
presence or absence of congestive heart failure in 
only 17 patients?? and 10 patients.?? 

Results of this study suggest for the first time 
that (1) the height of the arterial overshoot may be 
directly related to the magnitude of the left ventri- 
cular ejection fraction and inversely related to (Pe) 
left ventricular end-diastolic pressure and (2) the 
clinical value of the bedside sphygmomanometri- 
cally determined arterial pressure response in 
assessing the degree of left ventricular dysfunction 
in patients not on propranolol is unsurpassed by 
any of the standard diagnostic signs including 
the chest x-ray film. Tbe Table summarises the 


. sensitivity, specificity, positive and negative pre- 


dictive accuracies, and relative risk for left ventri- 
cular dysfunction of the various diagnostic signs 
based upon a left ventricular end-diastolic pressure 
(P. 215 mmHg! at rest. Excellent agreement 
was noted between our series and that of Harlan and 
associates! regarding the ability of the standard 
physical signs to indicate left ventricular failure. 
Thus the superiority of the bedside Valsalva 
manoeuvre for detecting left ventricular failure in 
our study was not merely secondary to poor clinical 
acumen by our physicians in the recognition of the 
conventional signs on physical examination. 

The ability to separate patients not on beta- 
blockade treatment into three systolic arterial 
pressure response groups during Valsalva at the 
bedside was confirmed, and it was determined for 
the first time that such clinically detectable re- 
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sponses corresponded to three statistically different 
groups of individuals with regard to left ventri- 
cular ejection fraction (0:29+0-11, 0-48 -+0-15, 
0°69+0-11) and left ventricular end-diastolic 
pressure (38+5 mmHg, 24+10mmHg, 144-5 
mmHg). 

Our clinical data derived from patients on 
propranolol treatment suggest that beta-adrenergic 
antagonists may alter the relation between left 
ventricular end-diastolic pressure (or left ventri- 
cular ejection fraction) and the height of the phase 
4 overshoot (Fig. 5). Though a significant per- 
centage of patients in this study was receiving 
propranolol, an overshoot greater than 15 mmHg, 
regardless of treatment was always associated with 
a left ventricular ejection fraction 7 0-50 and left 
ventricular end-diastolic pressure «25 mmHg. 
‘Thus the absence of a clinically detectable over- 
shoot ( « 15 mmHg) is non-diagnostic in patients on 
propranolol, but the presence of such an arterial 
overshoot excludes the possibility of moderate to 
severe left ventricular dysfunction. 

Experimentally, norepinephrine (alpha-agonist) 
infusion will diminish the extent of the arterial 
overshoot in normal subjects. Recent clinical 
studies disclose increased plasma concentrations of 
norepinephrine in patients with congestive heart 
failure." Thus the absent overshoot response 
during Valsalva manoeuvre in patients with raised 
left ventricular end-diastolic pressure and dimini- 
shed left ventricular ejection fraction may be 
related to plasma norepinephrine levels. Moreover, 
the direct and inverse correlations shown between 
the height of the systolic arterial pressure overshoot 
and left ventricular ejection fraction and left 
ventricular end-diastolic pressure respectively, 
may be a function of plasma norepinephrine 
concentrations which are proportional to the 
degree of congestive heart failure." The almost 
immediate altered response of certain patients 
during the Valsalva manoeuvre to acute postural 
changes!® suggests, however, that the absent 
overshoot is the result of peripheral vasoconstriction 
leading to a relative expansion of pulmonary 
blood volume?? and pulmonary extravascular 
water volume;?9 the latter being related to hydro- 
static pulmonary capillary wedge pressure by the 
Starling hypothesis for capillary filtration. 

Syncope while in the supine position, at least in 
normal subjects at rest, is rare during the per- 
formance of the Valsalva manoeuvre. In the presence 
of respiratory alkalosis, however, with its associated 
cerebral vasoconstriction, the decreased cardiac 
output and mean aortic blood pressure which 
occurs during late phase 2 and phase 3?* may be 
sufficient to produce syncope even while supine in 
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approximately 50 per cent of normal subjects.?? 
In our experience with over 60 patients at rest, we 
have not encountered a single syncopal episode. 
This may be attributable to the purposeful time 
limitation of the straining phase in our patients 
by the accompanying physician. In addition the 
greatest risk for respiratory alkalosis during basal 
conditions would be present in those with the 
most severe left ventricular dysfunction. Such 
patients showed a square wave arterial pressure 
response during Valsalva, raising and not lowering 
both cardiac output and mean aortic blood pressure 
during the period of strain (phase 2).55 

Although some have questioned the safety of the 
Valsalva manoeuvre in patients with coronary 
artery disease, others have reported no adverse 
clinical effects and even occasional relief of angina 
pectoris when performing this manoeuvre.!! The 
effects of this manoeuvre upon myocardial oxygen 
consumption as well as coronary arterial blood 
flow will vary with the type of arterial pressure 
response considered. In this regard, at least three 
of Levine et al/s*' six patients who experienced 
symptomatic relief from their anginal attacks 
during the Valsalva manoeuvre possessed normal 
sinusoidal arterial pressure responses. 

Although conditions other than left ventricular 
dysfunction such as prerenal azotaemia or haemorr- 
hage (decreased intravascular volume), and idio- 
pathic orthostatic hypotension'? may also cause an 
absent overshoot arterial pressure response, these 
conditions can usually be differentiated from 
failure on the basis of the clinical history. 

Until further data are available, we must conclude 
that this procedure may not be completely innoc- 
uous in patients with acute coronary heart disease 
both because of haemodynamic considerations as 
regards coronary artery blood flow and possibly 
because of the associated increases in vagal tone 
which may be arrhythmogenic under such circum- 
stances.“ 44 In patients with coronary artery 
disease, stable angina pectoris, and a wide range of 
left ventricular ejection fractions (0-21 to 0-71) and 
end-diastolic pressures (10 to 42 mmHg), however, 
it has been our experience that performance of this 
manoeuvre by the patient in the presence of a 
physician is simple, safe, and can be readily 
accomplished by almost all individuals with the 
proper instruction. Moreover, bedside sphygmo- 
manometric assessment of the arterial pressure 
response during Valsalva far surpasses all other 
routinely available bedside diagnostic signs in the 
detection of left ventricular dysfunction and 
provides in certain subjects a reliable estimation of 
its severity. 
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Management of ventricular septal rupture in 


acute myocardial infarction 


M M KHAN, G C PATTERSON, H O O’KANE, A A J ADGEY 
From the Regional Medical and Surgical Cardiology Centres, Royal Victoria Hospital, 


Belfast, N Ireland 


SUMMARY Four patients with rupture of the interventricular septum after myocardial infarction are 
described. This condition carries a grave prognosis. Surgical repair of the septum is almost always 
urgently required if the left-to-right shunt is large (QP/QS>3). Results are better if surgery can be 
deferred for six weeks to allow the infarcted area to heal and the tissues to become firmer. This delay 
may be achieved by using a combination of agents to reduce afterload and to exert a positive inotropic 
effect. The timing of surgical intervention was an important factor in the survival of three of the four 


patients. 


Ventricular septal defect after acute myocardial 
infarction was first described by Latham in 1846.1 
Rupture of the ventricular septum occurs within the 
first few days of myocardial infarction when it is 
poorly tolerated. It accounts for approximately 
0-5 to 1-5 per cent of all deaths from acute myo- 
cardial infarction. In the absence of surgical in- 
tervention the condition is almost invariably fatal.” 
Sanders et al. found that 54 per cent died within 
the first week of perforation and only 13 per cent 
survived two months or longer. 

The development of cardiogenic shock and severe 
left ventricular failure are the most important 
factors in deciding the outcome. Both are deter- 
mined by the size of the infarct and the magnitude 
of the left-to-right shunt.4 Repair of ventricular 
septal rupture was first attempted in 1956.5 The opti- 
mal time for this is still uncertain; the results of 
early intervention are poor.9^? 

This report describes successful repair in three 
out of four consecutive patients. The time at which 
operation was undertaken depended on early 
measurement of the size of the shunt and continuous 
clinical assessment of the patient. 


Case reports 


CASE 1 

A 54-year-old housewife was admitted with an acute 
inferior infarction (Table 1). She was in sinus 
rhythm (rate 90/min) and her blood pressure was 
150/105 mmHg. No murmurs were noted. Within 48 
Received for publication 22 April 1980 


hours of admission, complete heart block developed, 
preceded by sinus bradycardia and first and second 
degree atrioventricular block. The ventricular rate 
fell to 50/min and the blood pressure to 80/60 
mmHg. Temporary atrioventricular sequential 
pacing was started. The blood pressure rose to 
120/80 mmHg. Three days later sinus rhythm re- 
turned. The same day severe central chest pain 
recurred.. The electrocardiogram showed sinus 
tachycardia at 120/min, with further ST segment 
elevation in leads II, III, and aVF. The blood 
pressure was 105/80 mmHg. The jugular venous 
pressure was raised with prominent ‘a’ and ‘v’ 
waves. A loud pansystolic murmur accompanied by 
a thrill was noted at the lower left sternal edge. A 
Swan-Ganz balloon tip catheter was inserted at the 
bedside. A large left-to-right shunt (QP/QS 4-8:1) 
was confirmed at ventricular level (Table 2). 
Systolic blood pressure had fallen to 65 mmHg. 
Digoxin and diuretics were started along with a 
dobutamine infusion. In view of the size of the 
shunt, persistent hypotension, and increasing con- 
gestive cardiac failure operation was carried out 
10 hours after the development of the ventricular 
septal defect. At operation the right ventricle was 
greatly enlarged. The inferior surface of the heart 
was the site of a large haemorrhagic infarct covering 
most of the base and extending into the mitral 
annulus. The left ventricle was opened through its 
inferior surface using a longitudinal incision 
through the area of infarction parallel to the 
posterior descending coronary artery. The mitral 
apparatus and the papillary muscles appeared 
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Ventricular septal defect in myocardial infarction 


Table 1 Clinical data 
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Case Age Sex MI MI to VSD VSD to History of History BP on Conduction Operation Outcome 
No. (y). (days) surgery hypertension of MI admission disturbances 
(mmHg) : 

1 54 F Inferior 5 10 hours Unknown 0 150/105 CHB Repair of VSD aure (aea 
14 mths 
after initial 
admission) 

2 59 M Anteroseptal 10 40 days Yes 0 130/80 RBBB and Repair of VSD and Alive 

LAHB aneurysmectomy 
3 58 F Anteroseptal 7 40 days Yes 0 180/100 Transient Repair of VSD, Alive 
CHB aneurysmectomy, 
plication of 
aneurysm and 
SVG to RCA 
and Cx 

4 45 M Anteroseptal 4 26 days Yes 0 160/105 None Repair of VSD Died at 

and plication of operation 
aneurysm 





MI, myocardial infarction; VSD, ventricular septal defect; CHB, complete heart block; RBBB and LAHB, right bundle-branch block and 
left anterior hemiblock; SVG, saphenous vein graft; RCA and Cx, right coronary artery and circumflex. 


normal. There was a large ventricular septal defect 
(2-5 cm diameter) in the middle third of the septum 
close to the diaphragmatic surface. The surrounding 
muscle was necrotic, especially towards the base of 
the heart. The defect was closed with a Dacron 
patch applied from the left ventricle and sutured 
with Teflon pledgets in the right ventricle. The 
postoperative course was uncomplicated though 
mechanical respiratory support was required for 
three days. She remained in sinus rhythm with 
normal heart sounds and no systolic bruit. Digoxin 
was continued. On the 23rd postoperative day she 
was discharged, asymptomatic on moderate activity. 
She remained well until 14 months later when a 
further diaphragmatic infarction occurred. She 
died in cardiogenic shock. Necropsy disclosed that 
the patch was intact. Extensive recent and old 


Table 2 Haemodynamic data 


infarcts of the inferior wall were noted, with recent 
occlusion of the right coronary artery and extensive 
disease of the left anterior descending and circum- 
flex coronary arteries. ' 


CASE 2 
A 59-year-old company director was admitted with 
an acute anterior infarction. He was in sinus 
rhythm with a blood pressure of 130/80 mmHg. 
Forty-eight hours later the electrocardiogram 
showed’ bifascicular block (right bundle-branch 
block and left anterior hemiblock). On the tenth day 
after infarction:a loud pansystolic murmur was 
noted at the lower left sternal edge accompanied by 
a thrill. He had not experienced any further chest 
discomfort. 

Cardiac catheterisation with a Swan-Ganz 

















Case No. 1 2 3 4 
Study First Second First Second First Final 
Position Pressure O% sat Pressure O2% sat Pressure O496 sat Pressure O% sat Pressure 02% sat Pressure O496 sat Pressure O,% sat 
mmHg mmHg mmHg mmHg mmHg mmHg mmHg 
S D S D S D S D S D S D S D 
PAW (20) (15) a9) (21) (27) (20) 
PA 37 20 82 '27 13 64 44 17 77 64 26 69 5 28 84 42 22 78 48 23 77 
(28) (20) (30) (45) (45) . BD 35) 
RV 38 12 86 27 8 80 45 7 90 64 12 70 65 10 89 48 6 79 50 23 78 
RA (8) 44 (6 59 (4) 66 (10) 46 (0 62 (4) 48 (23) 52 
Femoral 
artery/ 
aorta 65 40 92 90 60 94 100 62 97 111 65 86 120 66 96 90 70 93 95 62 94 
LV 101 28 98 120 34 98 94 27 94 
QP/QS 48 12 1:6 24 2:6 3-0 2:9* 





PAW, pulmonary artery wedge; PA, pulmonary artery; RV, right ventricle; RA, right atrium; LV, left ventricle; QP/QS, ratio of pulmonary 


to systemic flow; S, systolic; D, diastolic; ( ), mean. 


*Patient had tricuspid regurgitation; QP calculated using mixed venous sample not shown. 
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balloon tip catheter was performed. A small left-to- 
right shunt at the ventricular level (QP/QS 1-2:1) 
was found (Table 2). Treatment with digoxin, 
diuretics, and labetalol was started. Over the next 
few days he developed frequent ventricular ectopics 
which were controlled by oral mexiletine 200 mg 
tid. Subsequently a gradual increase in the pul- 
monary vascularity on chest x-ray films was noted 
and the heart became larger, suggesting some in- 
crease in the size of the left-to-right shunt. Labetalol 
was stopped. The heart rate remained at 95/min 
and the systolic blood pressure at 90 mmHg. Two 
weeks after ventricular septal rupture, a mid- 
diastolic murmur became audible along with third 
and fourth heart sounds at the apex. Six weeks from 
the onset of symptoms he underwent cardiac cathe- 
terisation and coronary arteriography (Table 2). The 
shunt was now larger (QP/OS 1:6:1). The left ven- 
tricular end-diastolic pressure was conspicuously 
raised particularly after angiography. There was a 
large akinetic area involving the anterior wall and 
‘apex of the left ventricle. The septum appeared 
aneurysmal and the septal defect appeared to consist 
of multiple holes. There was total proximal obstruc- 
tion of the left anterior descending coronary artery. 
The right coronary artery showed some narrowing, 
but this was less than 50 per cent of the lumen. The 
circumflex vessel was dominant and was normal. 
Fifty days after the infarction, that is 40 days after the 
development of septal rupture, surgical repair was 
undertaken. The right ventricle and pulmonary 
artery were tense and enlarged. The left ventricle 
was opened through the large anterior wall 
aneurysm, most of which was excised. The aneurysm 
and scar tissue extended into the ventricular 
septum. The ventricular septal defect was situated 
anteriorly in the middle third of the septum, and 
was approximately 2 cm in diameter and fenestrated. 
It was closed from the left side with a patch of 
knitted Dacron, and sutured in place with inter- 
rupted Prolene sutures on pledgets on the right side 
of the septum. After operation bifascicular block 
persisted. Ventricular ectopics developed seven 
days later. These were not controlled by mexiletine, 
quinidine, procainamide, or disopyramide but 
propranolol 160 mg orally daily was added to 
mexiletine 150 mg tid and a permanent sequential 
atrioventricular pacemaker programmed fora rate of 
70/min was inserted. The ectopics were consider- 
ably diminished. He remained asymptomatic on 
moderate activity and went home 33 days after the 
operation. He has remained well and free from 
angina for 13 months since operation. 


CASE 3 
58-year-old housewife was admitted with an 
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acute anterior infarction. She was in sinus rhythm 
(rate 90/min) and her blood pressure was 180/100 
mmHg. Over the next 12 hours she experienced 
further chest pain and the ST segment in the 
anterior chest leads became higher. Her pain was 
controlled with diamorphine, sublingual isosorbide 
dinitrate, and propranolol. The blood pressure was 
140/85 mmHg. ST segments became isolectric on 
the fifth day. On the seventh day she experienced 
further chest pain. Sinus tachycardia at 110/min 
was present, the blood pressure was 140/95 mmHg, 
and the jugular venous pressure was raised 2 to 3 cm. 
A loud pansystolic murmur accompanied by a thrill 
was noted along the lower left sternal edge. An 
electrocardiogram showed recurrence of ST segment 
elevation in anterior chest leads. A Swan-Ganz 
balloon catheter was inserted and a left-to-right 
shunt at ventricular level (QP/QS 2-4/1) was con- 
firmed (Table 2). She was treated with digoxin and 
diuretics and, in an effort to reduce the afterload, 
oral isosorbide dinitrate 30 mg qid and labetalol 
100 mg tid were given. The latter was added to 
prevent an excessive rise in heart rate in response to 
peripheral vasodilatation. The systolic blood pres- 
sure was maintained at 100 mmHg; the heart rate 
was 90/min. Initially she improved but over the next 
24 to 48 hours the urine output fell and the plasma 
urea rose. A chest film showed an increase in 
pulmonary vascular congestion. The jugular venous 
pressure remained high. A dobutamine infusion 
(5 ug/kg per min) was started. The combination of 
afterload reduction and inotropic support with 
dobutamine resulted in increased urinary output 
and a fall in the plasma urea. The venous pressure 
became normal. Dobutamine was withdrawn and 
10 days later labetalol was stopped. The systolic 
blood pressure remained at 90 to 100 mmHg and 
the heart rate at 90 to 110/min. The dobutamine 
infusion was restarted three weeks after septal 
rupture when the plasma urea again increased and 
urinary output decreased and once more a good 
response was obtained. It was stopped after three 
days. Except for one episode of sinus bradycardia 
and transitory complete heart block, sinus rhythm 
was retained. Six weeks from the onset of symptoms 
cardiac catheterisation (Table 2) showed a large 
ventricular septal defect and a large anteroseptal 
aneurysm. Coronary angiography showed triple 
vessel disease. The left anterior descending coronary 


artery had a 60 per cent stenosis near its origin. The 


distal vessel was of small calibre and appeared to 
be recanalising. There was a single localised stenosis 
greater than 70 per cent in both the circumflex and 
right coronary arteries. The distal vessels were of 
good calibre. At operation 40 days after the develop- 
ment of the ventricular septal defect, the right 
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ventricle was moderately enlarged and was under 
high pressure. There were two aneurysms of the left 
ventricle. The smaller was to the right of the left 
anterior descending coronary artery, and the larger, 

, to the left of it, extended from the upper third of the 
anterior wall to the apex. The left ventricle was 
opened through the larger aneurysm. The ventri- 
cular septal defect was situated anteriorly in the 
middle third of the septum and was divided by 
trabeculae into two parts. The overall area was 
about 3 cm?. It was closed with a Teflon patch. 
The larger of the two aneurysms was removed and 
the other plicated. Saphenous vein grafts were 
inserted into the circumflex ‘and right coronary 
arteries. Postoperatively no murmur was audible. 
Sinus rhythm was retained. Digoxin and diuretic 
therapy were continued and the patient was dis- 
charged from hospital 15 days after operation. She 
remained well until six months after operation when 
she stopped taking digoxin and diuretics and was 
readmitted to hospital in congestive heart failure. 
This responded to treatment. No murmur was 
noted. 


CASE 4 

A 45-year-old textile worker was admitted with 
an acute anterior infarction. On admission he was 
in sinus rhythm (rate 90/min) and his blood pressure 
was 160/105 mmHg. He had had rheumatoid 
arthritis for the previous four years and was being 
treated with prednisolone 6 mg daily. On the fourth 
day after the onset of symptoms a systolic murmur 
was noted at the lower left sternal edge. He was still 
in sinus rhythm at 100/min and the blood pressure 
was 140/90 mmHg. Propranolol 10 mg tid and 
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quinidine 500 mg twice daily were started ; predniso- 
lone was continued. On the tenth day after admis- 
sion he became acutely dyspnoeic. Hypotension and 
signs of biventricular failure were present. Five- 
hundred ml blood were removed by venesection, 
and digoxin, frusemide, and a dopamine infusion 
were started. He was transferred to our unit for 
further management. 

Right heart catheterisation was performed with a 
Swan-Ganz balloon catheter and confirmed rupture 
of the ventricular septum with a large left-to-right 
shunt (QP/QS 3:1) (Table 2). After giving 5 mg iso- 
sorbide dinitrate sublingually.the mean pulmonary 
artery wedge pressure fell. There was an increase in 
systemic flow, but no change in pulmonary flow and ` 
the shunt diminished (Table 3). A nitroprusside 
infusion of 70 ug/min was started together with oral 
isosorbide dinitrate 120 mg daily (Table 3). Digoxin 
and frusemide were continued. Over the next 48 
hours the mean pulmonary artery wedge and 
pulmonary artery pressures fell. The arterial pres- 
sure remained unchanged (Table 3). The nitro- 
prusside infusion was stopped three days later and 
replaced by labetalol 200 mg tid orally in.an effort to 
reduce the afterload and at the same time prevent 
a disproportionate rise in the heart rate. Twenty- 
four hours later the systolic blood pressure fell to 
80 mmHg and plasma urea rose. Labetalol was 
reduced to 100 mg orally tid and a dobutamine 
infusion (500 mg 12 hourly) was started. Immediate 
improvement in the blood pressure was noted and 
in the urinary output. Labetalol was stopped after a 
further three days. Over the next two weeks as 
isosorbide dinitrate and digoxin were continued 
with intermittent diuretics, there was x-ray evidence 


Table 3. Haemodynamic response to vasodilator treatment in case 4 











On admission Day one Day two 
Control Isosorbide Control Nitroprusside Control Nitroprusside** 
dinitrate 70 ugimin 70 ugjimin and 
5mg SL isosorbide dinitrate 
5mg SL 
Pressure | O,96 sat Pressure O.% sat Pressure O.% sat Pressure O.% sat Pressure O:% sat Pressure Os% sat 
mmHg mmHg mmHg mmHg mmHg mmHg 
Position S D S D S D S D S D S D 
PAW (20) (10) 9) (16) (23) (15) 
PA 42 22 78 35 18 79 34 20 81 28 16 83 42 26 81 30 18 81 
(31) (26) (28) (22) (34) (24) 
RA (4) 48 (4) 55 56 62 58 62 
FA/Rad A 90 70 93 92 68 94 94 69 94 96 105 70 94 100 70 94 
(79) (79) (82) (80) (85) (85) 
Systemic 
flow I/min* 3-2 3-8 33 3-7 34 39 
Pulmonary 
flow l/min* 9-7 9-8 9-6 9-7 9:6 97 
QP/QS 3-0 2-6 29 2:6 2:8 25 





"FA[Rad A, femoral artery/radial artery. Other abbreviations as in Table 2. 


*Flows measured by thermodilution. 


**Measurements made before oral isosorbide dinitrate had become effective. 
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of a gradual increase in heart size and pulmonary 
vascular congestion. Two further temporary in- 
fusions of dobutamine were required. Thirty days 
from the onset of symptoms, cardiac catheterisation 
and coronary angiography were performed. The 
left ventricle was very dilated with a large aneurys- 
mal sac involving most of the anterolateral wall. 
There was a large left-to-right shunt through the 
ventricular septal defect. The right ventricle was 
dilated and there was some tricuspid regurgitation. 
The right ventricular end-diastolic pressure was, 
23 mmHg and the mean right atrial pressure was 
23 mmHg. Coronary angiography showed wide- 
spread atheroma with total proximal occlusion of 
the left anterior descending artery and extensive 
` disease in the right coronary artery. The circumflex 
vessel was non-dominant and showed some narrow- 
ing at the origin of the obtuse marginal branch. 
These vessels were not suitable for saphenous vein 
grafting. 

Surgery was carried out on the same day. The 
left ventricle was opened through the aneurysm. 
A large ventricular septal defect was situated 
anteriorly in the middle third of the septum 
measuring 2 cm in diameter. The edges of the defect 
. Were ragged and surrounded by necrotic tissue. The 
ventricular septal defect was closed with a Dacron 
.patch on the left ventricular side and Teflon 

pledgets on the right ventricular side. The left 
ventricular aneurysm was plicated. The mitral valve 
was normal. The tricuspid valve was not regurgitant. 
Right ventricular pressure remained high and by- 
pass could not be discontinued despite numerous 
and prolonged attempts. A further plication of an 
akinetic area of the left ventricle was carried out. 
The distal third of the right ventricle was akinetic. 
. Exploration with a finger of the right ventricle 
showed that there’ was no residual shunt, yet, 
despite numerous attempts the left ventricle was 
unable to sustain an adequate pressure and the 
patient died. . 

At necropsy severe atheroma of the coronary 
arteries with a recent thrombotic occlusion of the 
left anterior descending artery were confirmed. 
There was massive recent infarction of the septum 
and- the left ventricle. A healed infarct in the 
territory of the obtuse marginal branch was noted. 
'Ihe right ventricle was dilated and showed ex- 
tensive areas of fibrosis and some infarction of, the 
distal part. The patch closure of the defect was 
intact. 


Discussion 


After acute myocardial infarction it is often difficult 
to distinguish between a ventricular septal defect 
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and mitral regurgitation secondary to. papillary 
muscle dysfunction or rupture. Rapid confirmation 
of the diagnosis of a ventricular septal rupture 
can be carried out at the bedside by right heart 
catheterisation using a balloon-tip flow-directed 
catheter. Mitral regurgitation is diagnosed by giant 
V? waves recorded in the pulmonary wedge 
pressure tracing. Mitral regurgitation and ven- 
tricular septal rupture rarely occur together.!^ 
Coronary arteriography and left ventricular angio- 
graphy carried out early after the ventricular septal : 
rupture are associated with a high morbidity and 
mortality. + A 

Septal rupture complicates anterior and inferior 
infarctions with equal frequency? and there is good 
correlation between its position and the electro- 
cardiographic location of infarction,’ as our 
patients showed. 

Conduction disturbances are common. In five 
patients with acute inferior infarction James! 
described varying degrees of atrioventricular block 
before ventricular septal rupture. Vlodaver and 
Edwards? observed atrioventricular conduction 
disturbances in 36 per cent of 17 patients with 
acquired ventricular septal defects, the majority 
of whom had had an anterior infarction. Complete 
heart block occurred in two of our patients, one 
(case 1) with an inferior and the other (case 3) 
with an anterior infarction (Table 1). In case 1 
atrioventricular conduction disturbance occurred 
before septal rupture and in case 3, transitorily, 
after it. One patient with anterior infarction 
(case 2) developed bifascicular block before septal 
rupture. 

Post-infarction septal defects are located in the 
muscular part of the septum and are associated with . 
a high incidence of left ventricular aneurysm.!4 
Schlesinger et al. found that more than 30 per cent 
of patients operated on for septal rupture had a 
ventricular aneurysm, and Hill ez al.18 68 per cent. 
Three of our patients had ventricular aneurysms. 
In the remaining patient who had surgery five days 
after infarction (10 hours after septal rupture) there 
was a large necrotic area in the inferior wall but 
no aneurysm. E 

The precipitating factors in ventricular septal 
rupture are unknown. It has been suggested that 
hypertension is important." Three of our four 
patients had this on admission and the other, while 
normotensive, had a history of hypertension. 

'Three to six months after infarction, surgical 
repair of a ventricular septal defect is associated . 
with a very low mortality? 18-20 but septal rupture ` 
usually occurs in the first week after infarction, and, 
with acute volume overload of both ventricles. 
superimposed on an infarcted left ventricle, sudden 
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clinical deterioration and progressive, refractory 
congestive heart failure and often cardiogenic shock 
mean that most patients do not survive that long. 
However, successful early closure has been reported 
within three weeks of infarction,!! !5 %7 though 
only 50 per cent or less of these patients survived 
to leave hospital.'?*?* The earliest attempt at 
closure has been within the first 24 hours." In 
view of the high mortality of early correction it has 
been suggested that closure should be delayed until 
four to six weeks after infarction, !? ?! but the 
optimal time is dictated by the size of the shunt 
determined as early as possible after septal rupture. 
Mundth et al.” suggested that operation should be 
considered in patients with a QP/QS of more than 
3:1 and acute and refractory clinical deterioration 
within the first two weeks. Our findings support this 
view. Our first patient with an inferior infarction had 
a shunt of 48:1 complicated by rapid clinical de- 
terioration within the first 10 hours and needed early 
surgery. The other three had shunts of 3:1 or less 
and it was possible to delay operation. Acquired 
septal defects after inferior infarction are often 
larger than those associated with anterior infarction 
and thus carry a worse prognosis?*; surgical correc- 
tion is difficult and rarely successful. Our single 
patient had successful surgery carried out 10 hours 
after the occurrence of the defect. To delay opera- 
tion until approximately six weeks after infarction 
in our other three patients, a combination of drugs 
which have a positive inotropic effect and those 
which reduce afterload were used. The latter, that is 
isosorbide dinitrate, nitroprusside, and labetalol, 
lower peripheral vascular resistance and impedance 
to left ventricular ejection, thereby improving 
systemic blood flow.” ** Synhorst er al?’ created 
ventricular septal defects in dogs. After the ad- 
ministration of vasodilators the size of the shunt 
was reduced because of the different effects on the 
total pulmonary and systemic vascular resistances. 
In patients with post-infarction septal rupture, 
however, DiSegni er al.??* found that though these 
agents reduced pulmonary wedge pressure and 
improved left ventricular function the size of the 
left-to-right shunt was not altered significantly. 
If left ventricular function improves and pulmonary 
artery wedge pressure falls, pulmonary artery 
pressure will also be reduced. This will offset the 
reduction in systemic vascular resistance. Thus, in 
case 4 (Table 3) the systemic flow increased slightly, 
but pulmonary flow remained unchanged, and hence 
the flow across the septal defect was unaltered, 
though QP/QS fell slightly. These agents should be 
used with caution. In patients with right ventricular 
involvement a fall in venous return, even in the 
presence of significant left-to-right shunting, may 
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decrease right ventricular stroke volume.* Further- 
more, lower blood pressure may reduce renal blood 
flow, as occurred in two of our patients, who then 
needed positive inotropic drugs. 

Initial attempts at surgical repair were carried out 
via the right ventricle but were associated with poor 
results. There was difficulty in defining the borders 
of the defect, and when multiple defects were 
present they were concealed by the trabeculae of the 
right ventricle. The incidence of a residual defect 
and subsequent mortality was very high. The 
approach is now from the left ventricle where a clear 
view of the interventricular septum is obtained.® ?* 
The patch is put on from the high pressure side of 
the defect, diminishing the risk of recurrence. 
The left ventricle is entered by incising or resecting 
the area of infarction or the commonly coexisting 
aneurysm, which three of our patients had. The 
defect was successfully repaired in three of our 
patients and no recurrence has been detected. 
The remaining patient died at operation as a result 
of extensive infarction and severe coronary 
atheroma. 
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Use of high kilovoltage filtered beam radiographs for 
detection of bronchial situs in infants and 
young children 
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SUMMARY Determination of atrial situs is of cardinal importance in the analysis of complex congenital 
heart lesions, and is best predicted from bronchial situs. Previous methods for assessing bronchial 
morphology, however, are unsuited to the very young patient. 

To assess bronchial morphology, 100 consecutive patients under 18 months of age (median 57-5 
days) with suspected congenital heart disease were studied by high kilovoltage filtered beam radiographs, 
before cardiac catheterisation. This low radiation dose technique clearly defined bronchial anatomy in 95 
patients. The lengths of the left and right main bronchi were compared and 10 cases (10%) had a ratio 
less than 1-5 suggesting bronchial isomerism. Discriminant function analysis based on tracheal width 
and bronchial length enabled clear distinction of right from left bronchi. Four patients had bilateral 
right and six had bilateral left bronchi. Four of these 10 cases died and had necropsy confirmation of the 


radiological diagnosis. 


Practical prediction about cardiac anatomy, particularly the systemic and pulmonary venous 
return, may be made when bronchial morphology is known. 


The reliable identification of atrial situs is of 
fundamental importance in the classification of 
congenital heart disease. The classical method of 
predicting atrial situs has been to ascertain the 
position of the abdominal viscera. This method is 
unreliable when applied to cases with visceral 
heterotaxy.-? Numerous series have shown a 
significant association between abnormalities of 
splenic development (asplenia and polysplenia 
syndromes) and visceral heterotaxy.4~" The use of 
criteria which suggest asplenia, however, such as 
the presence of Howell-Jolly bodies in the blood, 
does not greatly improve correct prediction of 
atrial situs,!? and is inapplicable in the newborn. 
Van Mierop et al." first reported the use of pene- 
trated chest radiography to assess bronchial situs 
and hence atrial situs. Subsequent necropsy 
evidence has shown that bronchial situs is the most 
reliable indirect method of predicting atrial 
situs. ?1?14 Bronchial situs can be reliably and 
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objectively established in life with the use of 
bronchial tomography. That technique, however, 
is not easily applied to very young patients, whereas 
it is in this group that the highest incidence of 
abnormal atrial situs would be expected. 

The present study was designed to see whether 
bronchial morphology could be determined simply 
and reliably by high kilovoltage filtered beam 
radiography in this age group; whether, in practice, 
the separate entities of bilateral right bronchi 
(right isomerism) and bilateral left bronchi (left 
isomerism) could be distinguished in cases of situs 
ambiguus, and what value the investigation had as 
a screening technique. 


Subjects and methods 


High kilovoltage filtered beam radiographs were 
performed in 100 consecutive patients, under 18 
months of age, who presented to The Hospital for 
Sick Children, Great Ormond Street, with con- 
genital heart disease, over a six-month period. 
Ninety-one of these patients were under 1 year old 
and the median age was 57:5 days. Both emergency 
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and routine admissions were included in the study, 
and all patients underwent cardiac catheterisation. 


X-RAY TECHNIQUE 

The patient was placed face upward on a horizontal 
Bucky table. The field of interest was a projection 
of the thorax from above the clavicles to the lower 
sternum and this field was defined by using the 
light beam collimator. The x-ray beam first passes 
through a 2 mm layer of aluminium incorporated 
into the tube housing and collimator box; it then 
passes through a filter consisting of 0-5mm of 
copper and 0:4 mm of tin inserted into the colli- 
mator box with the copper layer on the side of the 
x-ray tube.!-19 A very light grid* was retained to 
absorb radiation scattered forward. Kilovoltage 
settings in the range 125 to 140 were used on a 
three-phase generator. The milli-ampere-seconds 
were fixed and the kilovoltage setting varied accord- 
ing to patient size. Kodak Ortho G film was used 
in combination with 3M Alpha 8 speed intensifying 
screens. 

On the exposed radiograph, bone detail is effaced 
to a considerable degree allowing soft tissue and 
gas interfaces in the mediastinum and adjacent lung 
to be seen. Thus the trachea, bronchi, aortic arch, 
and pulmonary artery conus may be identified. In 
addition, the lower margin of a normally located 
left atrium may be visible and the ordinarily dense 
thymic shadow is seen as a structure of lesser 
density than the main blood-containing vascular 
pathways. The calibre of the proximal pulmonary 
blood vessels near the lung hilum could often be 
estimated subjectively. The principal concern of 
this study, however, was the ability to demonstrate 
the tracheal and proximal bronchial anatomy. The 
latter was assessed independently by two of the 
authors (FIM, ARC), and the length of the left 
and right main bronchi was measured using the 
technique described by Partridge et al.! and shown 
in Fig. 1. To standardise the varying bronchial 
lengths for each child, the tracheal width at the 
level of the clavicles was measured. This variable 
was chosen on empirical grounds because, at this 
level, the trachea is just outside the thorax, not 
subject to changes in intrathoracic pressure, and is 
presumably related to the size of the child. Further, 
it is magnified to the same degree as the bronchi, 
so that calculation of the magnification factor is 
unnecessary. 

In all cases, the position of the heart in the chest 
and the side of the aortic arch in relation to the 
trachea were recorded from the filter beam radio- 
graph. The frontal P wave axis was measured from 
the electrocardiogram. In the patients who had 


* Ultrafine line moving grid; 40 slats/cm; ratio 8:1. 
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isomeric bronchi shown by the filter beam radio- 
graphs, the bronchial morphology was checked by 
Observation of the relation of the pulmonary 
arteries to the tracheobronchial tree in a lateral 
angiocardiogram, as advocated by Soto and 
colleagues,}® 

Cardiac catheterisation and angiocardiography 
were performed to show the precise cardiac 
anomaly: the presence of bilateral superior vena 
cavae was sought by contrast injection into the 
innominate vein, and the course of the inferior vena 
cava noted. Interruption of the inferior vena cava 
was diagnosed where the catheter could not be 
passed directly from the abdominal inferior vena 
cava to an atrium, but entered the heart via an 
azygos system on one side or the other. Pulmonary 
venous drainage was identified by direct catheterisa- 
tion or on the pulmonary venous phase of a right 
ventricular or pulmonary artery angiocardiogram. 
Where the patient underwent cardiac surgery or 
necropsy, confirmation of the radiological predic- 
tion of atrial and bronchial morphology was sought. 
Necropsies were performed in nine cases. 

Statistical analyses of the findings were carried 
out using the Statistical package for the social 
sciences,?? together with a brief Fortran IV program 
to organise data entry. 





Fig. 1 Measurement of bronchial length. The mean 
axes of the main bronchi are first drawn and 
perpendicular lines to these axes are drawn from the 
carina. Further perpendicular lines are drawn either 
tangential to the proximal upper lobe bronchial wall 
or at the angle of the distal wall with the main 
bronchus. One of these two lines could always be drawn, 
The bronchial lengths are then distances between 

C, and D, (X) and G, and D, (Y). The tracheal 
width (AB) was measured at the level of the 
clavicles (see text). 
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Results 


The high kilovoltage filtered beam radiographs 
enabled clear definition of bronchial anatomy in 
95 patients (Fig. 2 to 4). In five cases the radio- 
graphs were not of diagnostic quality as both main 
bronchi could not be seen to their first division: 
these cases occurred early in the series when we 
were less familiar with the technique. 

The lengths of the main bronchi to the left and 
right lungs were compared and the ratios of the 
bronchial lengths are shown in Fig. 5. Eighty-five 
patients had a ratio above 1-5, implying situs 
solitus.'* Ten patients were clearly different, 
having a ratio below 1:5, which is diagnostic of 
bronchial isomerism.'* Simple examination of the 
radiographs without any measurements by two of 
the authors, working independently, proved reliable 
in differentiating patients with bronchial isomerism 





Fig. 3 Filter beam radiograph showing right isomerism 
with two short early branching bronchi. 


from those with situs solitus. It was not possible, 
however, to distinguish left from right isomerism 
with certainty without measuring bronchial lengths. 
In order to make this distinction, the lengths of the 
left and right main bronchi in the patients with 
situs solitus (that is those with bronchial ratios 
above 1:5) were plotted against tracheal width 
(Fig. 6). Using discriminant function analysis, a 
linear discriminant equation was calculated based 
on bronchial length and tracheal width, entry of 
both of which into the equation was highly signi- 
ficant (p<0-0005). Where b- bronchial length 
(mm) and t — tracheal width (mm) the discriminant 
function was 


0-292b — 0:492t — 2:85. 


When this function is positive the bronchus is 
classified as left and when negative as right: the 
morphology of any bronchus can easily be identified 
by referring to Fig. 6. The 10 patients with bron- 
chial isomerism could be divided into two groups: 
six patients with bilateral left bronchi (left iso- 
Fig. 2. Filter beam radiograph showing situs solitus. merism) and four with bilateral right bronchi 
There is a short bronchus on the right which bifurcates (right isomerism). The clinical data of these 
early and a longer curved bronchus on the left. patients are shown in the Table. 
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Fig. 4 Left isomerism with two long curved bronchi. 
An azygos continuation of the inferior vena cava is 
clearly seen on the patient’s right side. 


LEFT ISOMERISM (six patients) 

One patient with a ventricular septal defect died 
and at necropsy the presence of bilateral left atria 
and hyparterial bronchi was confirmed. Of the 
remaining five patients, three had isolated ventricu- 
lar septal defects, one tetralogy of Fallot, and one 
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a univentricular heart of left ventricular type with 
pulmonary stenosis. Interruption of the inferior 
vena cava was found in two patients (33^,), and a 
superiorly orientated p wave axis on the electro- 
cardiogram in one patient (17^,). The pulmonary 
venous drainage was normal in all six cases. No 
attempt was made to confirm or exclude the 
presence of polysplenia. 


RIGHT ISOMERISM (four patients) 
Three of the four patients had univentricular 
hearts, with pulmonary atresia in two (50",) and 
pulmonary stenosis in a third. The pulmonary 
venous drainage was anomalous in these three 
patients (75",); it was infradiaphragmatic in two 
and supradiaphragmatic in the third. All three 
patients died. At necropsy right isomerism of the 
atria and bronchi was confirmed, and no spleen 
was found. 

No case of bronchial situs inversus was found in 
the series. 


Discussion 


The technique of high kilovoltage filter beam 
radiography enables reliable, high quality visualisa- 
tion of bronchial anatomy in à very young patient, 
where breathing blur limits the usefulness of 
bronchial tomography.!? This is accomplished with 
a low radiation dose (probably about one-sixth 
that of a routine chest radiograph when calcium 
tungstate intensifying screens are used) and can 
easily be performed as part of the initial examina- 
tion. The lengths of the left and right main bronchi 
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are measured and bronchial isomerism is diagnosed 
when the ratio of bronchial length is less than 1:5: 
this can be done without any knowledge of the 
magnification factors of the equipment. If the ratio 
1s above 1-5, the longer bronchus is morphologically 
left, and the short bronchus morphologically right. 
To classify unknown isomeric bronchi into left or 
right morphology one need only measure tracheal 
width and refer to Fig. 6. No complex calculations 
are required. 

Bronchial morphology is important because of 
its relation to atrial morphology. The method of 
sequential chamber localisation introduced by Van 
Praagh?! 22 to classify congenital heart disease is 
based on the identification of atrial situs. While 
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Fig. 6 Graph of bronchial 
length of the patients with situs 
solitus plotted against tracheal 
width at the level of the clavicles. 
The solid line represents the 
discriminant equation dividing 
left and right bronchi (see text) 


8 9 1 
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ventricular morphology and great vessel anatomy 
are easily diagnosed by angiocardiography, direct 
identification of atrial morphology is more difficult 
and requires selective atrial appendage injections 
of contrast medium. This method has yet to be 
validated in a large series of patients and is imprac- 
ticable precisely when it is most needed. Patients 
with atrial isomerism frequently have exceedingly 
complex cardiac anatomies, and three selective 
injections into ventricles or great arteries are often 
required to demonstrate the ventricular and great 
artery anatomy. Thus, if contrast medium toxicity 
is to be avoided, an indirect but reliable method of 
identifying atrial situs is necessary. Bronchial 
isomerism was noted in patients with visceral 








Table Data of cases with bronchial isomerism 
Position of Bronchial 
Case Age Sex cardiac Aortic IVC P wave lengths (mm) Ratio of Thoracic Diagnosis 
"o. (w) apex arch axis — lengths situs 
L R 
1 8 F L L R + 90 28 27 1-04 L VSD, polydactyly 
2 48 F L L Int + 60 30 25 1-2 L UVH, PS, PDA 
3 4 M L L Int — 60 28 28 10 L VSD 
4 44 M L L R + 60 22 26 1-23 L VSD 
5 4 F L R R + 45 17 18 1-06 L Tetralogy of Fallot 
6 2 M L L R +105 20 22 Lt L VSD* 
7 5 F L R R + 30 il 12 1-09 R Tetralogy of Fallot 
8 03 M R R L + 60 11 11 1-0 R UVH, P atresia,* TAPVD 
9 0:14 F L L R + 60 13 12 1-1 R UVH, PS, TAPVD* 
10 1 F L R R + 90 8 8 ro R UVH, P atresia,* TAPVD 





Abbreviations: IVC, inferior vena cava; L, left; R, right; Int, interrupted; VSD, ventricular septal defect; PS, pulmonary stenosis; 
PDA, persistent ductus arteriosus; UVH, univentricular heart; TAPVD, total anomalous pulmonary venous drainage. 


* Diagnosis confirmed at necropsy. 
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heterotaxy in 1926 by Pernkopf?! and the close 
relation between bronchial and atrial situs was 
observed by later investigators. 14 2425 There are 
some reports where bronchial situs predicted atrial 
situs incorrectly?’ ?? but in a review of 45 necropsy 
cases with atrial isomerism, Macartney and col- 
leagues?! found that atrial situs and thoracic (or 
bronchial) situs corresponded in all cases. We 
consider that it is more appropriate to use atrial 
situs than splenic status to categorise congenital 
heart lesions. Right atrial isomerism is not always 
associated with asplenia nor left atrial isomerism 
with polysplenia.*® Establishing splenic status in 
life is difficult, whereas establishing thoracic situs 
is easy using filter beam radiographs. Such radio- 
graphs avoid the technical problems inherent in 
bronchial tomography in infants. This present 
study was limited to infants and toddlers, but our 
experience of the technique applied to older 
children with suspected anomalies of situs suggests 
that image quality is as good as that obtained with 
standard tomography. 

We found a high incidence (10%) of bronchial 
isomerism among our 100 cases of congenital heart 
disease below the age of 18 months, and subsequent 
experience with the technique has confirmed this 
finding. Indeed it is in these very young patients 
that the highest incidence of situs ambiguus would 
be expected, for the associated cardiac lesions often 
carry a poor prognosis. We have no means of 
comparing our results with those of other centres 
as there are no previously reported series of in vivo 
determination of atrial situs in this age group. 

The early identification of atrial situs has a 
distinct practical advantage and is not only of 
value in the correct description of complex con- 
genital heart defects. Using filter beam radiographs 
one can distinguish left isomerism from right 
isomerism, and this enables several important 
predictions to be made about the cardiac anatomy. 
Left isomerism is associated among other lesions 
with interruption of the inferior vena cava (as 
found in one-third of our patients), so one should 
think carefully before deciding to catheterise such 
patients from the leg. Patients with right isomerism 
have a high incidence of univentricular heart, 
ventricular septal defect, and pulmonary stenosis 
or atresia. In right isomerism, total anomalous 
pulmonary venous return is frequent (75% of our 
patients), and it is important to be prepared for 
this possibility before cardiac catheterisation. If, 
because of low pulmonary blood flow, the amount of 
oxygenated blood returning to the systemic circula- 
tion is small, anomalous pulmonary venous return 
can easily be missed both on oximetry and angio- 
cardiography. Should this mishap occur then the 
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patient may undergo a systemic-pulmonary shunt 
for low pulmonary blood flow and die from pul- 
monary oedema because of unrelieved obstructed 
total anomalous pulmonary venous drainage. 

In addition to showing tracheal and bronchial 
anatomy, the filtered beam radiograph provides an 
opportunity of defining mediastinal structures 
which on the orthodox chest radiograph may be 
obscured by thymus, sternum, and spine. The 
absence of a main pulmonary artery conus may be 
noted in pulmonary atresia. In the central parts of 
the lung adjacent to the hilum, the position and 
calibre of vascular structures may be assessed. The 
size of the normally located left atrium may be infer- 
red not only from the angle which the main bronchi 
form with each other, but also from the convexity 
of the lower margin of the left atrium. If the main 
bronchi are of narrow calibre, compression by 
vascular structures such as large pulmonary arteries 
may be suspected as a cause for tachypnoea, or even 
stridor and air trapping. One learns swiftly to 
identify on which side of the trachea the aortic 
arch lies from the radiograph. 

In summary, the filtered beam radiograph sup- 
plants much of the need for tomography for the 
determination of bronchial situs, not only in 
patients with heart disease but also in patients with 
non-cardiac problems. By establishing bronchial 
situs, atrial situs can be predicted quickly and 
safely in the very young patient. 
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Haemodynamic effects of haematocrit reduction 
in patients with polycythaemia secondary to 
cyanotic congenital heart disease 


P J OLDERSHAW, M G ST JOHN SUTTON 
From the Department of Cardiology, Brompton Hospital, Fulham Road, London 


SUMMARY Acute reduction in haematocrit (without significant alteration of blood volume) in six patients 
with severe polycythaemia secondary to cyanotic congenital heart disease resulted in an increase in 
resting cardiac output without alteration in heart rate. Cardiac output was also increased during a 
constant-load exercise test after haematocrit reduction, and under these conditions total oxygen uptake 
was increased with consequent reduction in oxygen debt. These measurements confirm that the sub- 
jective improvement in such patients after haematocrit reduction is matched by physiological circulatory 


changes. 


Patients with cyanotic congenital heart disease and 
secondary polycythaemia feel subjectively improved 
after venesection, the clinical manifestations of 
headache, lethargy, breathlessness, and anorexia 
being attributed to the increased haematocrit with 
attendant raised blood viscosity and intravascular 
red cell aggregation. The circulatory response to 
reduction in haematocrit has been assessed pre- 
viously in such patients at rest,? there being a 
reduction in peripheral vascular resistance and an 
increase in cardiac output, stroke volume, systemic 
blood flow, and systemic oxygen transport. 

We have extended this work to investigate the 
effects of haematocrit reduction in patients with 
polycythaemia secondary to congenital heart disease, 
both at rest and during exercise. 


Methods 


Six patients with cyanotic congenital heart disease 
and secondary polycythaemia were studied. The 
initial haemoglobin level in each patient was greater 
than 20 g/dl. The underlying cardiac pathology 
was as follows. Case 1, a man of 39 years with an 
univentricular heart (and fixed rate pacemaker); 
case 2, a man of 20 years with a ventricular septal 
defect and the Eisenmenger syndrome; case 3, a 
girl of 15 years with transposition of the great 
arteries with pulmonary stenosis and ventricular 
septal defect; case 4, a girl of 18 with tetralogy of 
Fallot; case 5, a 26-year-old man with tetralogy of 
Received for publication 10 April 1980 


Fallot; and case 6, a 16-year-old boy with tetralogy 
of Fallot. 

Each patient had haemoglobin, packed cell 
volume, and blood viscosity measurements made 
and was then subjected to an increasing work load 
on a bicycle ergometer (Siemens electrically 
stabilised load cycle ergometer). The equipment 
used during this test is shown in Fig. 1. The subject 
breathed through a mouth-piece with a unidirec- 
tional flow valve, and inspired ventilation was 
measured using a dry gas meter (Parkinson-Cowan) 
connected to a Mingograph recorder. The expired 
air passed through a valve box into a mixing 
chamber; air was sampled from this chamber con- 
tinuously and passed over silica gel to remove 
water vapour. The dried mixed expired air passed 
to a mass spectrometer for oxygen and carbon 
dioxide measurement. 


DRYING, TUBE 


vouneec C T ‘ie owen | 
GAS 
METER 


Fig. 1 Circuit diagram of the exercise equipment. 
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Haematocrit-reduction in secondary polycythaemia 


The initial work load was 100 kpm/min. If the 
patient was able to maintain exercise at this load for 
six minutes, he was allowed to rest and the test 
repeated at successive load increments of 100 
kpm/min. In this way maximal work capacity could 
be assessed. This procedure was repeated three 
times to ensure that the maximal work capacity 
measured was not influenced in any way by a 
process of learning. As a safety precaution, exercise 
was stopped if the heart rate reached 85 per cent of 
the maximum predicted for age. 

The patients were then exposed to a constant 
work load of six minutes duration, the power output 
selected being 50 per cent of the maximum work 
load previously ascertained. A steady resting state 
before starting this test was taken as the point 
where the ventilatory rate and mixed expired gas 
concentrations were constant. At this stage, a blood 
sample was taken for blood gas analysis from a 
vasodilated ear lobe. Blood gases were measured 
on this sample using a Corning 165 blood gas 
analyser. Ear lobe blood is virtually identical to 
arterialised blood.? Baseline measurements of heart 
rate, ventilatory rate, Feo, and Feco, (fractional 
concentrations of oxygen and carbon dioxide in 
expired air in mmHg respectively), were also made. 
Using these measurements O, uptake/min at rest 
could be calculated using the equation: 


Vo, =Vix0-2093- ——0- 205 __ 
1-00-(Feco,+Feo,) 
. x Feo, x STPD 
where Vo, =volume uptake of oxygen per unit 
: time (l/min) 
Vi — inspired ventilation of air (l/min) 
STPD =standard temperature and pressure 
iye 273 » (Pbar-SVP) 
(273 4- T) 760 


Before the start of the constant work load test, 
resting cardiac output was also measured using the 
Fick principle. The Fick equation is given below: 
VCO; 


Cardiac output— 
"P C.co$5-CasC0; 


where Vco, = volume production of Co, per 
unit time (l/min) and is given by 
Veo, = Feco, x Vi x0-7903 xSTPD 


1-00-(Feco,-++ Feo.) : 

Cyco, = content (volume per 100 ml) of 
carbon dioxide in venous blood. 

Caco, = content (volume per 100 ml) of 
carbon dioxide in arterial blood. 

All these values with the exception of C,CO; 
were known and therefore to measure cardiac output 
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Fig. 2 Typical result from rebreathing experiment 
to measure content of CO, in venous blood. 


C,yco, had to be measured. This was done using a 
rebreathing technique with a 7 per cent carbon 
dioxide, 93 per cent oxygen mixture, the patient 
being connected to a bag containing this gas mixture 
via a pneumatic valve and then encouraged to 
breathe quickly and deeply in and out for four 
breaths to mix the gas in the bag with that in the 
lungs. After four breaths the patient was encouraged 
to breathe steadily for the remainder of a 20 second 
period, which produced an equilibrium pattern as 
shown in Fig. 2. An acceptable equilibrium should 
be produced between five and 10 seconds after the 
onset of the breathing procedure. During the plateau 
phase, lung, bag, and mixed venous blood are in 
equilibrium. The value for Pyco, obtained in this 
way is slightly higher than true mixed venous Pco, 
in pulmonary capillary blood. The reasons for this 
are not fully understood, but an appropriate correc- 
tion can be made using the following formula: 
P.co, (corrected) -equilibeium  Pco, -(0-23x 
equilibrium Pco;)-10. 

Using this value, resting cardiac output could be 
measured. 

The true constant work load exercise test was 
then started. The patient was exercised at 50 per 
cent maximal working capacity for six minutes with 
continuous assessment of heart rate, inspired 
ventilatory rate, Feo,, and Feco,. Values for heart 
rate, ventilation rate, and oxygen uptake during the 
sixth minute of exercise were then compared with the 
values for these at rest to assess the patient's 
response to exercise. A sample of ear lobe blood was 
also taken during the sixth minute for estimation of 
blood gases. Towards the end of the sixth minute, 
the patient was connected again to a bag containing 
7 per cent carbon dioxide, 93 per cent oxygen, and 
P.co, estimated as before, thus allowing cardiac 
output during exercise to be measured. 

By calculating oxygen uptake at each minute for 
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six minutes, a plot of oxygen uptake against time 
could be produced (Fig. 3) during the constant 
work load. In all cases, equilibrium for oxygen up- 
take was established by the fourth minute. There- 
after, the value for oxygen uptake remained con- 
stant. The shaded area on this plot (Fig. 3) can 
therefore be taken as an estimate of oxygen debt, 
and was measured using planimetry. 

Each patient was then venesected, three pints of 
blood being withdrawn, with three pints of plasma 
given as intravenous replacement. Three and 14 
days later, the above procedures were repeated. 


Results 


All results given are mean -tstandard error of the 
mean. Differences between groups have been 
compared using Students’ t test. 

Mean values for haemoglobin and packed cell 
volume fell significantly from 22-4--0:5 g/dl and 
66 -- 1 per cent before venesection to 18:6 --0-4 g/dl 
(p «0-01) and 58+1 per cent (p «0-01) three days 
after venesection. This reduction was maintained 
on the 14th day after venesection: haemoglobin 
18:8 +0°5 g/dl (p < 0:01), packed cell volume 58 4-1 
per cent (p «0-01). Table 1 shows the results for 
each individual. There was a corresponding fall in 
viscosity from 6-61--0-12 before venesection to 
5:290 0.13 three days after venesection and 
5:32 40-13 14 days after venesection. In association 
with these changes in haemoglobin, packed cell 
volume, and viscosity, there was an increase in 
maximal exercise capacity from 333 +30 kpm/min 
before venesection to 500 +48 kpm/min three days 
afterwards (p<0-01) and 483+43kpm/min 14 
days afterwards (p<0-01). There was also a signi- 
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Fig. 3 Typical plot of O, uptake against time during 
constant work load exercise test; hatched area represents 
the oxygen debt. 


ficant increase in resting cardiac index from 
2-2 +0-1 before to 2-9 +0-2 (p « 0-01) at both three 
and 14 days after venesection, without significant 
change in heart rate. T'his implies an increase in 
mean stroke volume in these patients. There was no 
significant change in resting PAo, and PAco, 
after venesection. The mean values for oxygen up- 
take rose (325, 358, and 375 ml/min) and the mean 
values for ventilatory rate fell (12-9, 12-7, and 12:1 
l/min), both sets of figures respectively before 
venesection and three and 14 days after venesection, 
but these were not significant changes. During the 
sixth minute of a steady-state exercise test, there was 
a significant increase in cardiac index at both three 
and 14 days after venesection as compared with 
measurements before venesection (Table 2). If the 
results are related to the values before venesection 
with this as unity, then the mean cardiac index was 
1-14 at three days, and 1-18 at 14 days after vene- 
section. There was a similar increase in normalised 








Case Hb PCV  Viscosity Heart rate Cardiac index PAo. — PAco; | Oguptake Ventilation Maximal 
No. (g/dl) (%) (centipoise) — (beats[min) (l/min perm?) (mmHg) (mmHg) (ml{min) — (I[min) exercise 
capacity 
(kpm[min) 
l Before venesection 21:3 65 6:42 76 20 58 39 304 11:9 200 
3 days after 18-2 58 5-16 76 2-4 61 37 385 112 400 
14 days after 18-4 58 5-20 74 2:4 56 36 389 10-9 400 
2 Before venesection 21:0 62 6-40 78 21 63 36 297 13:8 400 
3 days after 18-4 55 496 80 2:6 59 37 286 14:6 500 
14 days after 18-5 55 4:98 82 25 60 37 277 13-6 500 
3 Before venesection 22:6 67 6:68 60 23 61 37 398 12:6 300 
3 days after 18-1 57 5-04 64 3-4 64 38 416 12:9 500 
14 days after 18:2 57 5-13 64 3:5 66 36 480 11-6 500 
4 Before venesection 24:6 70 6:96 64 2:4 53 37 340 14:6 300 
3 days after 19-5 61 6-01 60 2:9 58 39 360 14-2 400 
14 days after 19-9 61 5-96 60 30 58 37 395 148 400 
5 Before venesection 21:6 64 — 74 21 60 36 304 10-9 400 
3 days after 18:3 58 — 70 31 64 38 314 10-6 600 
14 days after 18-1 57 — 72 3-4 64 38 330 10-0 600 
6 Before venesection 23-4 68 — 82 2-6 56 38 306 13-6 400 
3 days after 19:2 60 — 76 3:0 66 37 386 12-6 600 
14 days after 19-6 60 — 72 2:8 62 40 381 12:0 500 
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Table 2 Patients in 6th minute of steady state exercise test (4 max work load before venesection) 








Case Heart rate Cardiac index PAo. PAco, O, uptake Ventilation Oz debt over 
No. (beats/min} (llmin per m?) (mmHg) | (mmHg) — (ml[min) (Ij min) 6 min (ml) 
1 Before venesection 76 4-1 (1-00) 53 41 1173 (1:00) 26:0 1346 (1-00) 
3 days after 76 46 (1:12) 55 38 1264 (1:08) 247 1308 (0-97) 
14 days after 76 4-7 (1-15) 55 37 1297 (1-11) 273 1304 (0-97) 
2 Before venesection 118 5-3 (1:00) 60 37 774 (1-00) 29:3 569 (1-00) 
3 days after 120 6-0 (1:13) 58 39 866 (1:12) 26:7 463 (0-81) 
' 14 days after 110 6-4 (1:21) 58 37 879 (1:14) 28:8 447 (0-79) 
3 Before venesection 114 6:4 (1:00) 55 40 1064 (1-00) 38-3 836 (1-00) 
' 3 days after 104 7-7 (1-20) 58 36 1273 (1-20) 36:7 574 (0-69) 
14 days after 106 7-7 (1-20) 57 37 1146 (1-08) 40:3 596 (0-71) 
4 Before venesection 124 47 (1-00) 60 37 1046 (1-00) 35:6 965 (1:00) 
3 days after 120 5-9 (1-26) 64 36 1346 (1-29) 344 630 (0-65) 
14 days after 124 5:8 (1-23) 56 37 1262 (1:2) 30:3 646 (0-67) 
5 Before venesection 118 7-1 (1-00) 62 32 1270 (1-00) 30-6 646 (1-00) 
3 days after 104 7-7 (1:08) 66 36 1346 (1-06) 30-9 503 (0-78) 
14 days after 124 8:4 (1-18) 64 36 1387 (1-09) 33-0 487 (0-75) 
6 Before venesection 118 6-2 (1-00) 58 38 996 (1-00) 26-4 816 (1:00) 
3 days after 106 6-7 (1:08) 62 36 1162 (1:17) 25-6 496 (0-61) 
14 days after 118 6-8 (1-10) 61 41 1188 (1-19) 25-8 537 (0-66) 





Values in brackets are normalised for comparison in relation to measurements before venesection. 


O, uptake from 1-0 to 1-15 and 1-14 at three and 14 
days. Normalised O, debt, however, fell from 1-0 to 
0-75 and 0-76, respectively. There was no difference 
in the response of heart rate, PAo,, PCco, or 
ventilatory rate to exercise between measurements 
before and after venesection. 


Discussion 


The development of secondary polycythaemia with 
cyanotic congenital heart disease is a compensatory 
phenomenon in response to the low arterial oxygen 
tension. The polycythaemia, unlike that of poly- 
cythaemia rubra vera, is characterised by increased 
haematocrit (and therefore red cell volume) with 
normal circulatory whole blood volume.‘ Theoreti- 
cally, the increased red cell volume should provide 
an increased oxygen-carrying capacity® ê; this effect, 
however, is offset by the increase in viscosity which 
affects blood flow and therefore tissue perfusion. 
One direct effect of increased viscosity is a reduction 
in cardiac output? 8; a second is increased plasma 
skimming. (When blood is flowing along a vessel, 
there is a tendency for cells to concentrate in the 
core of the lumen creating a "relatively cell-free 
layer" of plasma close to the vessel wall. Capillaries 
branching off from such vessels are therefore 
supplied with blood containing a greater percentage 
of plasma than red blood cells than elsewhere; 
this effect is called plasma skimming.) As a result of 
increased plasma skimming, perfusion of peri- 
pheral tissues (and therefore oxygen transfer) will 
be impaired. Similarly in the lungs, oxygen uptake 
will be reduced because of increased ventilation— 
perfusion mismatch. It is obvious therefore that the 
development of polycythaemia confers some ad- 


vantages on the individual but also some dis- 
advantages. The physiological effects on the 
circulation of venesection with fluid replacement 
have not as yet been fully investigated; we carried 
out such studies in patients both at rest and during 
exercise. 

At rest, in association with the fall in haematocrit, 
there was an increase in cardiac index without 
change in heart rate, implying an increased stroke 
volume. Similar results were found by Rosenthal 
et al.? and were thought to be the result of a fall in 
peripheral vascular resistance consequent on re- 
duced viscosity. These workers also noted a sub- 
stantial improvement in systemic oxygen transport, 
defined as the amount of oxygen supplied but not 
extracted by the tissues per minute per unit weight 
of body. They attributed this increase in oxygen 
transport primarily to increase in systemic blood 
flow since oxygen-carrying capacity is always re- 
duced and arterial oxygen saturation often declines 
as a result of haematocrit reduction. They postu- 
lated that the advantage of an increase in oxygen 
transport after isovolaemic red cell volume reduction 
was in the provision of a greater oxygen reserve 
available for tissue utilisation on exercise. Murray 
et al? showed that maximum systemic oxygen 
transport usually occurred at normal haematocrit 
values. In our study, mean oxygen uptake at rest 
increased after venesection, but the results failed 
to reach statistical significance. 

During exercise, a significant increase (p « 0:01) 
in cardiac index was again noted at both three and 14 
days after venesection when compared with values 
before venesection. In addition, during exercise 
there was a significant increase (p < 0:05) in oxygen 
uptake; consequently O, debt was reduced 
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(p <0-05), The increase in oxygen uptake could be 
explained on the basis of improved circulation to 
peripheral tissues (reduced vascular resistance, 
reduced plasma skimming) and improved circula- 
tion to the capillary bed of the lung (reduced 
ventilation—perfusion mismatch) as described above. 
If the transfer of oxygen from the lungs to the 
blood, and the blood to the tissues is improved, 
oxygen debt during exercise would theoretically be 
reduced. 

'This study, then, confirms that the subjective 
improvement in patients with cyanotic congential 
heart disease and secondary polycythaemia is 
matched by objective changes, there being an 
increase in both cardiac output and oxygen uptake 
by peripheral tissues. 
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Efficacy of intravenous procainamide infusion 
in converting atrial fibrillation to sinus rhythm 


Relation to left atrial size 
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SUMMARY The efficacy of intravenous procainamide, infused at 30 mg/min to a maximum dose of 
20 mg/kg, in converting atrial fibrillation was evaluated under electrocardiographic and blood pressure 
control in 21 patients. Nine patients had atherosclerotic heart disease, seven had valvular lesions, five had 
hypertension, and six had no apparent heart disease. Nine patients (converters), who reverted to sinus 
rhythm at a mean dose of procainamide of 13-3 4-3-6 mg/kg (mean plasma concentration, 7-4-+-3-9 ug/ml) 
had normal echocardiographic left atrial diameters. All but one of the remainder, the 12 non-converters, 
who received a mean drug dose of 13-1 +3-5 mg/kg (mean plasma concentration 13-9+7-6 ug/ml), 
had atrial diameters exceeding 4-0 cm. QRS and QTc intervals were not altered significantly in con- 
verters, but were prolonged significantly in non-converters. No serious side effects from the infusion 
were encountered. Intravenous procainamide infusion appears to be a safe and rapidly effective method 
of converting recent-onset atrial fibrillation to sinus rhythm in patients with normal left atrial dimensions. 


Atrial fibrillation associated with acute haemo- 
dynamic deterioration is often best controlled by 
immediate direct current countershock. If the 
clinical situation does not constitute an emergency, 
however, the ventricular response may be controlled 
first by digoxin or propranolol, and elective cardio- 
version attempted subsequently, either using oral 
quinidine or electroversion. Neither approach is 
universally applicable. A method using brief 
intravenous infusion of an antifibrillatory drug, if 
effective and safe, is simpler and preferable to 
electrical defibrillation or to conversion after 
prolonged oral drug administration. Procainamide, 
in spite of its pharmacological similarities to quini- 
dine,'-? has been used little for this purpose. 

Both quinidine and procainamide are membrane- 
stabilising or class I drugs.! 34 Both also prolong 
the effective refractory period and raise the threshold 
of excitability without changing the resting mem- 
brane voltage.? ë It is, therefore, not unreasonable 
to expect procainamide to be at least as effective as 
quinidine in converting atrial fibrillation to normal 
sinus rhythm, with the added advantage of greater 
Received for publication 3 June 1980 


flexibility of parenteral administration because of 
lower toxicity. 

While the effectiveness of procainamide in the 
control of ventricular arrhythmias is well docu- 
mented, there is little information about its effect 
on atrial arrhythmias. Preliminary data from this 
institution suggested that the rapidity of conversion 
with procainamide compared favourably with that 
of direct current countershock without the attendant 
problems of the latter. We assessed the effects of 
procainamide infusion on the rapid conversion of 
atrial fibrillation, with particular reference to left 
atrial size. 


Patients and methods 


Twenty-one patients, 12 men and nine women, 
aged 27 to 84 years (mean, 63 years), with new or 
paroxysmal atrial fibrillation, were studied (Table 1). 
The following patients were excluded: (1) those 
already receiving procainamide; (2) those having 
known toxicity or hypersensitivity to procainamide; 
(3) those having advanced (second or third degree) 
atrioventricular block; or (4) those having received 
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digitalis within the preceding six hours. Procain- 
amide in a concentration of 30 mg/ml dissolved in 
5 per cent dextrose in water, was infused at a rate 
of 30 mg/min to one of several end-points: (1) 
maximum dose, arbitrarily defined as 20 mg/kg; 
(2) conversion to normal sinus rhythm; (3) hypo- 
tension, defined as greater than a 20 per cent fall 
in systolic blood pressure; (4) QRS or QTc pro- 
longation to greater than 130 per cent of control; or 
(5) development of second or third degree atrioven- 
tricular block. 

A baseline 12 lead electrocardiogram, 60-second 
lead II rhythm strip, and supine blood pressure 
were recorded just before the start of drug infusion. 
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Cuff blood pressure was determined every three 
minutes throughout the infusion period and at five- 
minute intervals until stabilisation thereafter. 
Continuous monitoring and data storage of lead II 
throughout the infusion period was done in six 
patients using a Wolff MR-41CD physiological 
tape recorder interfaced with a Hewlett-Packard 
Model no. 78303A 4-channel oscilloscope. In the 
others, 15-second rhythm strips at 25 mm/s paper 
speed were obtained during each minute of infusion. 
'The ventricular rate at the end of each minute of 
infusion was determined by averaging 15 cardiac 
cycles. No attempt was made to record the atrial 
fibrillatory rate from the surface tracings because 


Table 1 Clinical features of patients with atrial fibrillation treated with procainamide 








Atrial fibrillation 
Case Age Sex Suspected aetiology Blood Ventricular 
no. (y) Duration pressure rate NYHA Associated diagnosis Previous 
(initial, (initial, history 
mmHg) beats/min) 
(A) Converters (CV) 
1 70 M Idiopathic 4h 130/100 130 0 Palpitation 
2 40 M Hypertension ld 120/90 158 0 
3 51 M Idiopathic 1d 120/80 100 0 Atrial 
fibrillation 
4 84 E Atherosclerotic heart disease id 90/70 160 I LBBB, acute pancreatitis, 
i septicaemia 
5 57 F Idiopathic 6h 118/68 164 0 Hypothyroidism Palpitation 
6 65 M Hypertension, atherosclerotic 7h 142/100 110 I Palpitation 
heart disease 
7 62 M Atherosclerotic heart disease <24h 103/50 130 II PUO Atrial 
fibrillation 
8 51 M Atherosclerotic heart disease, 2h 108/74 100 I Acute myocardial 
aortic valve disease (stenosis infarction 
and regurgitation) 
9 21 M Idiopathic 3h 108/75 107 0 
(B) Non-converters (NCV) 
10 72 M Atherosclerotic heart disease, ld 150/90 | 100 0 Myxoedema Palpitation 
mitral valve prolapse 
11 40 F Mitral regurgitation, aortic 2d 120/90 158 I Marfan's disease 
regurgitation 
12 78 F Hypertension, atherosclerotic 1d 108/64 110 II Chronic obstructive 
heart disease pulmonary disease, 
pulmonary embolus 
13 77 M Atherosclerotic heart disease id 103/50 98 I 
14 71 F Idiopathic 30h 116/72 125 0 Diabetes mellitus, obesity Palpitation 
15 71 F Hypertension, atherosclerotic 3 mth 176/120 70 0 
heart disease 
16 79 F Idiopathic 1h 148/57 170 I Lymphoma, congestive 
heart failure, pneumonia 
17 50 M Rheumatic heart disease (mitral 5d 126/70 114 I 
stenosis and regurgitation) 
18 66 F Rheumatic heart disease (mitral 5h 160/90 129 0 Hypothyroidism 
stenosis) : 
19 70 F Rheumatic heart disease (mitral 19d 130/92 140 0 Atrial fibrillation Palpitation 
stenosis and regurgitation) 
0 M Atherosclerotic heart disease, 1d 150/90 100 0 Chronic renal failure, Atrial 
hypertension congestive heart failure fibrillation, 
PAT 
21 53 M Rheumatic heart disease (mitral 4d 160/80 73 I Atrial 
regurgitation) fibrillation. 
Mean +SD CV 56x18 115 415/79 +18 129 +27 
NCV 68414 137 x24/80 +21 116 +31 


pvalue(CV vs NCV) NS 


«0-05 «0-05/NS NS 





NYHA, New York Heart Association classification; LBBB, left bundle-branch block; PUO, pyrexia of unknown origin; PAT, paroxysmal 
atrial tachycardia; SD, standard deviation; NS, no significant difference. 
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of the presumed inaccuracies of this method. QRS 
and QT intervals were also measured and expressed 
as an average of 10 determinations. The QT 
interval was corrected for heart rate using the 
Bazett formula, QTc = (QT/+/RR).® 

Plasma procainamide levels were determined 
spectrophotometrically, using the method of Mark 
et al.,’ within one minute of stopping the infusion. 
All 21 patients had standard M-mode echocardio- 
grams for determination of maximum left atrial 
diameter at peak ventricular systole measured by 
the leading edge convention, using a Smith Kline 
Ekoline 20A ultrasonoscope interfaced with an Irex 
Continutrace strip chart recorder. Thyroid function 
studies (T, uptake and T, RIA) were obtained on 
all patients. 

Variables of age, plasma procainamide level and 
dose, heart rate, and left atrial diameter were 
analysed by the unpaired t test; y? analysis was 
used to compare the duration of atrial fibrillation 
between groups (converters vs non-converters). The 
paired t test was used to evaluate changes in QRS 
and QTc intervals within each group. An interval 
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of 10 ms was arbitrarily chosen as the threshold of 
visual accuracy at 25 mm/s paper speed. Mean 
changes less than this value were considered to 
represent no change. 


Results 


Thyroid function was normal in all patients. In six 
of 21 patients, the cause of the atrial fibrillation 
could not be ascertained. Nine patients had athero- 
sclerotic heart disease, seven had valvular heart 
disease, and five had systemic hypertension. Mitral 
valve disease was significantly more common in non- 
converters than in converters (6/12 vs 0/9, p « 0-05). 
The incidence of idiopathic atrial fibrillation, 
atherosclerotic heart disease, or hypertension was 
not statistically different between converters and 
non-converters (p > 0-05) (Table 1). 

The duration of atrial fibrillation, as well as 
previous history of palpitation, documented atrial 
fibrillation, or other supraventricular arrhythmias 
are recorded in Table 1. All patients fitted the 
New York Heart Association classes 0, I, or II. 


Table 2 Determinants of conversion of atrial fibrillation by procainamide 














Dose 
Case no. Plasma levels Reason for Left atrial AQRS (%) AOTe (%) 
Total (mg) | mgjkg (yumol]l) discontinuing diameter (cm) 
infusion 

(A) Converters 

1. 720 120 42:1 Conversion 3:6 NC 12 

2 960 113 85 Conversion 27 -13 17 

3 750 10:3 51-4 Conversion — NC -8 

4 1100 20:8 48:9 Conversion 32 — — 

5 840 147 416 Conversion 22 NC 3 

6 690 10-0 81 Conversion _ 22 -11 

7 990 17-1 38:3 Conversion 32 17 -5 

8 990 12:8 17-4 Conversion — -12 4 

9 720 111 26:4 Conversion 3-2 NC -4 

NS* NS* 
(B) Non-converters 
10 900 12:8 50-2 Full dose — 11 8 
11 900 15-8 45:5 Full dose 58 35 NC 
12 990 16:2 — Full dose 55 16 NC 
13 990 13-4 113- Full dose 44 19 NC 
14 990 10:9 44:6 Full dose 46 NC — 
15 990 13-2 — Full dose 351 21 20 
16 1000 20:8 32:3 Full dose — NC 12 
17 990 12:4 49:3 Full dose 6:9 20 4 
18 720 9-0 100-3 BP 5:1 — 16 
19 630 10:5 46:8 BP 45 17 NC 
20 510 8:4 — BP 49 NC 3 
21 990 14:8 48:9 Full dose — — — 
p«0-005* p«0:05* 
Mean +SD CV 862 +150 13-3 +36 31:5 £166 3:0 10:6 2 2x12 09 
NCV 888 +156 13-1 +35 59-1 +323 49 +10 14414 647 
p value 
(CV vs NCV) NS NS «0-05 « 0-005 «0:05 NS 





AQRS (96), per cent change in QRS duration; AQTc (96), per cent change in corrected QT interval; NC, no change; SD, standard 


deviation; NS, no significant difference. 


* Comparison of mean changes before and after procainamide administration. 
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Initial ventricular rates varied between 70 and 
170/min; initial blood pressures ranged from 90/70 
to 176/120 mmHg. 

Conversion to sinus rhythm occurred in nine 
patients. Twelve patients did not convert (Table 2). 
Hypotension necessitating discontinuation of in- 
fusion occurred in three non-converters, all of whom 
recovered spontaneously without specific treatment. 
The remaining nine patients who failed to convert 
to sinus rbythm received the maximum dose as 
defined previously. In the nine converters sinus 
rhythm was established at a mean dose of 862 
+150 mg (13-3 +3-6 mg/kg), with a range of 690 to 
1100 mg, at a mean plasma level of 31:5 +166 
mol/l (7-4-3-9 pg/ml). There were no significant 
differences between converters and non-converters 
with respect to age, initial ventricular rates, initial 
QRS or QTc intervals, total dose of procainamide, 
or dose per kg body weight. 

Non-converters achieved significantly higher 
mean plasma levels of procainamide, 59-1 +32:3 


— loud N N 
œ N o eo > 


Procainamide plasma levels ( ug/ml) 


in 


0 


Non-converters 


Converters 


Fig. 1 Relation between procainamide plasma levels and 
the tendency for conversion of atrial fibrillation to sinus 
rhythm during intravenous infusion. Closed circles 
represent plasma values for individual patients at the 
discontinuation of infusion. Open circles represent mean 
values with standard errors of means for both subgroups. 
Patients who did not convert to sinus rhythm had 
significantly higher plasma levels of the drug. Plasma 
levels were not available in three non-converters. To 
convert plasma levels to SI units, ie to umol]l, multiply 
by 4:25, 
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umol/l versus 31-5+16-6 pmol/l (13-9 4-7:6 ug/ml 
versus 7-4 +3-9 pg/ml, p<0-05) at similar doses 
per kg (13-1 +3-5 mg/kg versus 13-3 3-6 mg/kg) 
(Fig. 1). Mean QRS and QTc intervals were not 
altered significantly in converters; these intervals 
were prolonged significantly, however, in non- 
converters (p«0-005 and p<0-05, respectively). 
The duration of atrial fibrillation and the mean left 
atrial diameter in converters were significantly less 
than those of non-converters (p«0:05, and 
p «0:005, respectively) (Table 1 and Fig. 2). 


Discussion 


The use of intravenous procainamide for the 
treatment of both ventricular extrasystoles and 
supraventricular arrhythmias, including atrial fibril- 
lation, is, of course, not new.7-!? The frequency of 
toxic manifestations, such as depression of cardiac 
output and blood pressure, vascular collapse, 
depression of cardiac impulse formation and con- 
duction, prolongation of the QRS and QT intervals, 
and induction of ventricular arrhythmias precipi- 
tated by this route of administration, has been 
recognised previously.!! In most instances, however, 
toxicity has occurred at infusion rates of 100 mg or 
more per minute.!177? It is likely that at these high. 
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Fig. 2 Relation between left atrial diameter measured 
by M-mode echocardiography and the tendency for 
conversion of atrial fibrillation to sinus rhythm. Meaning 
of symbols as in Fig. 1. Note that all patients with 
normal left atrial dimensions converted, except for one 
patient in whom atrial fibrillation was present for three 
months. Left atrial diameters were not obtainable in 
three patients from each subgroup. 
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infusion rates, adequate drug distribution did not 
take place.4 Though toxic manifestations have 
been reported with infusion rates of 25 mg/min in 
patients with acute or suspected myocardial 
infarction, in only two of 42 cases was it necessary 
to discontinue the infusion, and in both cases plasma 
levels of procainamide were in the therapeutic 
range. It is generally accepted, therefore, that 
infusion rates of 25 to 50 mg per minute are safe 
and are accompanied by a low incidence of 
toxicity.4 35 Though the presence of significant 
underlying heart disease also may predispose to 
toxicity," 18 possibly as a result of altered pharma- 
cokinetics relating to different distribution character- 
istics, this feature was unlikely to be important in 
our patients who were in New York Heart Associa- 
tion class II or less. 

An infusion rate of 30 mg/min produced con- 
version to sinus rhythm in nine patients with 
normal left atrial diameters at a time when plasma 
concentrations of procainamide were of the order 
of 29-7 umol/l (7 ug/ml); in these patients, no 
significant alterations in the QRS or QTc intervals 
were noted. This was in contrast to the patients 
who did not convert despite higher plasma con- 
centrations of the drug, in whom significant QRS 
and QTc prolongation were observed (p< 0:005 
and p<0-05, respectively). The fact that non- 
converters had significantly higher plasma levels of 
procainamide at similar doses per kg of body weight 
when compared with converters is unexplained. 
Such differences; however, are not accounted for 
readily by differences in volumes of distribution, 
since the haemodynamic status, determined clini- 
cally, was similar in both patient subgroups. Though 
a majority of the plasma levels achieved in both 
subgroups was above the recommended therapeutic 
range for the steady state, all but two levels, 113-9 
umol/l (26:8 ug/ml) in case 13 and 100-3 pmol/l 
(23-6 pg/ml) in case 18, are in agreement with 
previously reported values for the initial phase of 
rapid distribution after intravenous administration.!? 

That the mean dose of procainamide required 
for conversion was greater than the maximum 
recommended loading dose is not surprising since 
conversion of atrial arrhythmias has been known to 
require higher concentrations of procainamide than 
has conversion of ventricular arrhythmias.!? That 
no patients converted at a dose of 10 mg/kg or less 
is surprising, however, and should be borne in 
mind when attempting to convert atrial fibrillation 
by this method. 

In three of our patients (cases 18, 19, 20), it was 
necessary to discontinue drug administration at 
relatively low doses because of hypotension, before 
conversion to sinus rhythm could be achieved. In 
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these patients hypotension could not be related to 
excessive drug administration, or to toxic plasma 
drug levels in one of them (case 19, plasma level 
46-8 pmol/l (11:0 ug/ml)). A plasma drug level was 
not obtained in case 20 because of technical reasons, 
but in case 18 the procainamide plasma level of 
100-3 umol/l (23-6 ug/ml) and the degree of 
prolongation of the QTc interval (16%) were 
among the highest in the entire series. In these 
patients, decreases were recorded in both systolic 
and diastolic blood pressures, suggesting, as has 
been reported previously, that alterations in blood 
pressure resulting from procainamide are induced 
by myocardial depression," !??! and peripheral 
vasodilatation. Alterations in blood pressure were 
not limited to these three patients, however, and, in 
fact, most converters manifested modest drops in 
both systolic and diastolic blood pressures just 
before conversion; no specific treatment was needed. 

The duration of atrial fibrillation and the left 
atrial diameter are among the determinants of the 
likelihood for cardioversion by direct current 
countershock.?! Since the tendency for spontaneous 
return to sinus rhythm also may be related to these 
variables, might the patients in the present study 
have converted spontaneously? If so, sinus rhythm 
would have been as likely as not to have been 
restored at inappropriately low doses of the drug. 
In fact, however, every converter required at least 
10mg/kg. In two patients, restoration of sinus 
rhythm occurred at plasma levels less than 17 umol/l 
(4 pg/ml). Though these patients may have con- 
verted spontaneously, their elimination from the 
study group would not have appreciably altered the 
statistical analysis. 

While our data indicate that procainamide is 
effective in converting atrial fibrillation to sinus 
rhythm, the mechanism of its action is not clear. As 
with quinidine, the major electrophysiological 
action of procainamide is to depress the fast response 
(class I effect) in cardiac muscle, leading to a 
lengthening of the effective refractory period. Other 
class I agents, however, such as lignocaine and 
mexiletine, which also prolong the effective 
refractory period in heart muscle, are ineffective in 
converting atrial fibrillation. Furthermore, it is 
known that pronounced shortening of the atrial 
action potential duration after vagal stimulation?? 
or by the induction of thyrotoxicosis,?? enhances the 
tendency to fibrillate. This fact is consistent with 
the observation that patients who relapse into atrial 
fibrillation after direct current countershock tend 
to have shorter atrial action potentials (assessed by 
intra-atrial suction electrodes) when compared with 
those who maintain stable sinus rhythm.*4 In this 
regard, it is interesting that amiodarone, which has 
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a weak class I action but a pronounced tendency to 
prolong the action potential duration uniformly, 
is often effective in restoring and maintaining sinus 
rhythm in patients with atrial fibrillation. 

Both procainamide and quinidine prolong the 
action potential duration in association with their 
potent class I actions. This combination of electro- 
physiological effects may contribute to their useful 
effects in atrial fibrillation. The fact that the QTc 
interval (reflecting ventricular repolarisation) was 
not prolonged by procainamide in patients who 
converted to sinus rhythm in the present series, 
does not negate the possibility that atrial re- 
polarisation in these patients was delayed by the 
drug. Studies involving the measurement of atrial 
repolarisation time by intracavitary suction 
electrodes during procainamide conversion of atrial 
fibrillation will, therefore, be of much theoretical 
interest. 

Whatever the precise mechanism of action of 
procainamide in converting atrial fibrillation to sinus 
rhythm, the clinical significance of the present study 
should be emphasised. Intravenous infusion of 
procainamide in patients who have no clinical 
evidence of significant left ventricular dysfunction 
appears to be effective, safe, and rapidly acting in 
the conversion to sinus rhythm of acute onset or 
paroxysmal atrial fibrillation. Potential converters 
can be identified readily by a history of recent 
onset atrial fibrillation, and by echocardiographic 
demonstration of normal left atrial size. Though no 
patient reverted to atrial fibrillation within 48 hours 
after conversion, no conclusions can be drawn 
regarding its long-term efficacy in maintaining sinus 
rhythm, since different antiarrhythmic drugs were 
used after conversion. 

These results suggest that intravenous procaina- 
mide may be infused without a predetermined dose 
limit and discontinued either with conversion of 
atrial fibrillation or with the appearance of adverse 
reactions. This form of treatment may be superior 
to more conventional methods of conversion 
currently employed. If echocardiography is not 
available, we still advocate a trial of procainamide 
because of its simplicity and low morbidity. 
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Detection of persistent ductus in hypoplastic left 
heart syndrome by contrast echocardiography 
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SUMMARY A patient with hypoplastic left heart syndrome was studied using contrast echocardiography 
after peripheral venous injection of dextrose. The combination of the parasternal and suprasternal 
approach allowed for identification of the right ventricular cavity, excluded the presence of right-to-left 
intracardiac shunts, and established normal ventriculoarterial connections. 

From the abdominal approach, the abdominal aorta was identified as an echo-free space corres- 
ponding to this structure in position, which became opacified after peripheral injection of dextrose into 


the left-hand vein. 


In view of the suprasternal and parasternal findings opacification of the abdominal aorta could only 
have occurred in the presence of a pulmonary artery to descending aorta shunt through a persistent 


ductus arteriosus. 


Echocardiography is a reliable method for establish- 
ing the diagnosis of the hypoplastic left heart 
syndrome, and has the advantage of avoiding cardiac 
catheterisation in sick newborn babies.! ? 

The echocardiographic detection of a big right 
ventricular cavity in the presence of a small left 
ventricular cavity and aortic root, together with the 
hypoplastic or absent mitral valve, has been taken 
as diagnostic of the syndrome.? * 5 

Peripheral venous injection of dextrose as an 
ultrasonic indicator has been used in the echocardio- 
graphic detection of right-to-left shunts,® and as a 
complementary method in the echocardiographic 
assessment of ventriculoarterial connections.? 

The purpose of this paper is to present the 
characteristic filling patterns obtained from the 
parasternal, suprasternal, and abdominal approaches 
in this condition using peripheral venous injections 
of 5 per cent dextrose as ultrasonic indicator. 


Case report 


A 24-hour-old baby who had been born at term 
and weighed 2850 g was admitted to hospital in 
severe heart failure. On clinical examination there 
was dyspnoea, tachypnoea, and subcostal recession. 
The infant was pale with minimal central cyanosis. 
'The peripheral pulses were slight but palpable, and 


the blood pressure in the four limbs was 40 mmHg 
by the flush method. There was right ventricular 
hypertrophy clinically, and on auscultation the 
first heart sound was loud, and the second heart 
sound was also loud and single. A pansystolic 
murmur grade 3/6 was heard at the left sternal 
edge, and a third heart sound was present at the 
apex. The liver was 4 cm below the costal margin. 
The electrocardiogram showed sinus rhythm with 
a heart rate of 150 per minute, and right atrial and 
right ventricular enlargement. The frontal axis was 
+130°. X-ray film of the chest showed cardio- 
megaly with a cardiothoracic ratio of 65 per cent, 
plethoric lung fields, and a narrow pedicle. 

Echocardiography from the parasternal views 
showed a large right ventricular cavity (14-7 mm), 
a small left ventricular cavity 14 mm, and a small 
aortic root, 5-2 mm. The left atrium was enlarged 
12 mm, and the pulmonary artery was also enlarged 
at 11-5 mm diameter. The four valves of the heart 
were visualised in the standard way.? The mitral 
valve was very small, though two leaflets could be 
seen. 'The aortic valve was visualised as a collection 
of thick echoes within the aortic root. The pul- 
monary valve was large and showed several of the . 
features indicative of pulmonary hypertension.? 
'The tricuspid valve was normal. 

An intravenous cannula was fixed into a vein on 
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the back of the baby's left hand, and peripheral 
injections of 5 per cent dextrose were made. From 
the parasternal view, after the injection, the right 
ventricle was completely opacified defining the 
interventricular septal wall, and the left ventricle 
remained free of contrast (Fig. 1B). 

Slight angulation towards the aortic root and 
left atrium allowed the small aortic valve and big 
pulmonary artery to be visualised. Contrast 


injection opacified only the anterior great artery. 





e Am be 






Fig. 1 (A) Echocardiogram obtained from the 
suprasternal view. The aorta (Ao), the pulmonary artery 


(PA), and the left atrium (LA) are seen in the same 
echocardiographic plane. After peripheral venous 
injection of contrast, only the PA is opacified, suggesting 
that the ventriculoarterial connections are normal, with 
no evidence of a right-to-left intracardiac shunt. 

(B) This echocardiogram has been recorded from the 
parasternal approach. The right ventricle (RV) and the 
left ventricle (LV) are seen in the same cut. After 
injection of 5 per cent dextrose into the baby’s hand only 
the RV ts opacified. No right-to-left shunt is detected. 
The mitral valve (MV) is visualised as a hypoplastic 
valvular structure. 





The transducer was then placed in the suprasternal 
notch and the aortic arch, pulmonary artery, and 
left atrium were located. The aortic arch was 
smaller than the pulmonary artery, 2:5 mm diameter 
as against 10 mm diameter. After peripheral venous 
injection only the pulmonary artery was opacified. 

The combination of these two approaches 
excluded a right-to-left intracardiac shunt, and 
established a normal ventriculoarterial connection.’ 

The transducer was then placed in the abdomen 
to localise the abdominal aorta, and after peripheral 
venous injection, a small posterior echo-free space 
was opacified (Fig. 2). There was cyclical opaci- 
fication after contrast injection, the contrast being 
more intense in systole than in diastole. The 
injection was repeated three times, with identical 
results, and the structure was therefore taken to 
represent the abdominal aorta filling through a 
persistent ductus arteriosus from the pulmonary 
artery, which in turn received its contrast directly 
from the heart. From previous experience with the 
technique the cyclical opacification eliminated the 
possibility that this was the inferior vena cava or 
other great vein." 

Unfortunately, 20 hours after the investigation 
the baby died before cardiac catheterisation was 
done. 

At necropsy the right atrium was large with an 
intact atrial septum. It connected with a dilated 
right ventricle through a normal tricuspid valve 
and from this ventricle a big pulmonary artery 
arose. There was a persistent ductus arteriosus 


Fig. 2 Echocardiogram performed from the baby's 
abdomen ; linear echoes are visualised. After peripheral 
left-hand injection, opacification of the abdominal aorta 
(Ab Ao) occurs. Intense systolic opacification is followed 
by slight diastolic attenuation. In the absence of an 
intracardiac right-to-left shunt, this filling pattern 
represents a pulmonary artery-descending aorta shunt 

in the presence of a persistent ductus arteriosus. 
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with a diameter of 3mm. The left atrium was 
normal, and received all four pulmonary veins. 
The mitral valve was hypoplastic and had two well- 
defined anterior and posterior leaflets, with two 
small papillary muscles. The left ventricle was 
hypoplastic (diameter 16 mm) with thick walls and 
pronounced endocardial fibroelastosis, and gave 
rise to a bicuspid hypoplastic aortic valve and a 
small ascending aorta with a diameter of 6 mm. 
The coronary arteries were normal though the aortic 
arch was small, 3:5 mm. There was evidence of 
heart failure. 


Discussion 


Echocardiography is a reliable method of defining 
intracardiac anatomy. In sick neonates with hypo- 
plastic left heart syndrome, echocardiography can 
give a definitive diagnosis without recourse to 
cardiac catheterisation.! ? 

However, when only one atrioventricular valve 
is visualised echocardiographically, it is often 
difficult to differentiate the hypoplastic left heart 
syndrome from other conditions with one functional 
atrioventricular valve. On occasions the interventri- 
cular septum can only be reliably identified using 
contrast studies. Therefore, in these children there 
are three reasons for using contrast echocardio- 
graphy before catheterisation is done: firstly, to 
define the limits of cardiac cavities, which may be 
obscure; secondly, to detect right-to-left intra- 
cardiac shunts; and thirdly, to establish ventriculo- 
arterial connections.  Ín this case the views from 
the parasternal approach showed a big right ventricle 
and a small left ventricle. Contrast echocardiography 
delineated the right ventricular walls and showed 
absence of right-to-left shunts at intracardiac level 
(Fig. 1B). The suprasternal approach showed the 
opacification of the pulmonary artery only, from 
which we deduced that ventriculoarterial connec- 
tions were normal (Fig. 1A). 

When the transducer was placed on the abdomen 
several linear echoes were seen but there was not 
enough definition to identify the abdominal aorta 
with certainty. However, after peripheral venous 
injections into the left hand, contrast echoes filled 
the space between the two linear echoes (Fig. 2). 

This pattern of filling, shown by peripheral 
injections of dextrose, and using the parasternal 
and the suprasternal transducer positions, indicated 
that the contrast injected into the left hand could 
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only reach the abdominal aorta through a right-to- 
left shunt via a persistent ductus arteriosus. 

'The use of different transducer positions together 
with peripheral contrast echocardiography can 
increase diagnostic accuracy in complex cardiac 
anomalies; in the absence of intracardiac right-to- 
left shunts the opacification of the abdominal aorta 
demonstrates the presence of a persistent ductus 
arteriosus with reverse ductal shunting. 


References 


!Meyer RA, Kaplan S. Echocardiography in the 
diagnosis of hypoplasia of the left or right ventricles 
in the neonate. Circulation 1972; 46: 55-64. 
8Godman MJ, Tham P, Langford Kidd BS. Echo- 
cardiography in the evaluation of cyanotic newborn 
infant. Br Heart J 1974; 36: 154-66. 

3Chesler E, Joffe HS, Vecht R, Beck W, Schrire V. 
Ultrasound cardiography in single ventricle and the 
hypoplastic left and right heart syndromes. Circulation 
1970; 42: 123-9. 

*Lundstróm N-R. Ultrasound cardiographic studies of 
the mitral valve region in young infants with mitral 
atresia, mitral stenosis, hypoplasia of the left ventricle, 
and cor triatriatum. Circulation 1972; 45: 324-34. 
5Farooki ZQ, Henry JC, Green EW. Echocardiographic 
spectrum of the hypoplastic left heart syndrome. A 
clinicopathologic correlation in 19 new borns. Am 7 
Cardiol 1976; 38: 337-43. 

*Valdés-Cruz LM, Pieroni DR, Roland JA, Vaghese BJ. 
Echocardiographic detection of intercardiac right to 
left shunts following peripheral vein injections. 
Circulation 1976; 55: 558-62. 
7Mortera C, Hunter S, Tynan M. Diagnosis of ventri- 
culoarterial discordance (transposition of the great 
arteries) by contrast echocardiography. Br Heart 7 
1977; 39: 844-46. 
8Solinger R, Elbl F, Minhas K. Deductive echocardio- 
graphic analysis in infants with congenital heart disease. 
Circulation 1974; 50: 1072-96. 

*Weyman AE. Pulmonary valve echo motion in clinical 
practice. Am 7 Med 1977; 62: 843-55. 

WGoldberg BB. Ultrasonic measurement of the aortic 
arch, right pulmonary artery and left atrium. Radiology 
1971; 101: 383-90. 

X Mortera C, Hunter S, Tynan M. Contrast echocardio- 
graphy and the suprasternal approach in infants and 
children. Eur 7 Cardiol 1979; 9: 437—54. 


Requests for reprints to Dr Carlos Mortera, 
Servicio Cardiologia, Centro Medico Nacional 
Valdecilla, Santander, Spain. 


Br Heart F 1980; 44: 599-601 


Echocardiographic findings of floating thrombus in 


left atrium 
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SUMMARY We describe the M-mode and two-dimensional echocardiographic findings of a floating 
thrombus in the left atrium. Though the features resembled those of pedunculated left atrial myxoma, 
two-dimensional echocardiography was helpful in differentiating between thrombus and myxoma in the 


left atrium. 


As is well known, thromboembolism is one of the 
most severe complications of mitral stenosis. Echo- 
cardiography has been used as a non-invasive tool 
for detecting thrombi in the left atrium.* To our 
knowledge, however, there has been only one brief 
report on the M-mode echocardiographic findings of 
a floating thrombus.* In this report, the M-mode 
and two-dimensional echocardiographic findings of 
a floating thrombus are presented in detail. 


Case report 


A 42-year-old man with mitral stenosis was referred 
to us on 8 July 1978 for echocardiographic evalua- 
tion. He experienced successive episodes of 
thromboembolism of the femoral artery, superior 
mesenteric artery, and cerebral artery during the 
previous few months. The patient was in atrial 
fibrillation and had been treated with digitalis. 
Physical examination, chest x-ray film, and 
phonocardiography showed that he had moderately 
severe mitral stenosis. A tumour plop sound was 
not detected by phonocardiography. 


M-MODE ECHOCARDIOGRAPHIC FINDINGS 

The echoes of a floating thrombus, which was 
confirmed by surgical operation as described below, 
were detected posterior to the anterior mitral leaflet 
during diastole in some cardiac cycles. The area 
behind the mitral valve was relatively free of 
echoes during systole and the initial phase of 
diastole. The appearance of these echoes was not 
always regular in timing, but their disappearance 
was rapid at every end-diastole (Fig. 1). The 
echoes of a floating thrombus behind the anterior 


mitral leaflet appeared as band-like echoes; this 
thrombus also produced a fuzzy appearance in the 
body of the left atrium. Mural thrombus could not 
be detected in the left atrium echocardiographically. 
These echocardiographic findings partially 
resembled those of pedunculated left atrial myxoma, 
but with floating thrombus there seems to be no 
regularity in the appearance of the echoes or 
synchronisation with cardiac cycles. 


TWO-DIMENSIONAL ECHOCARDIOGRAPHIC 
FINDINGS 

Two-dimensional echocardiograms of the long 
cardiac axis are presented in Fig. 2. All four 
polaroid films were obtained at end-diastole. The 
echoes of a floating thrombus were in the body of 
the left atrium and posterior to the mitral valve, 
and were variable in size and position in each 
cycle. The echogenic tissues seemed to be floating 
freely within the left atrial cavity.and sometimes 
disappeared from the long cardiac axis. These 
findings suggested that the thrombus was not 
attached to the left atrial wall or to the mitral valve. 
The largest thrombus echoes were 3:5 X 1-5 cm. 


CINEANGIOGRAPHIC AND SURGICAL FINDINGS 
Pulmonary artery injection of contrast medium 
was performed, with follow-through to the left 
atrium. A small mass could be visualised floating in 
the left atrium. 

At operation (13 July 1978), a thrombus measur- 
ing 3:7 X 1:6 X 1:5 cm was found in the left atrium, 
unattached to any part of the wall or to the mitral 
valve. There was no mural thrombus in the body and 
appendage of the left atrium. The mitral leaflets 
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were moderately thickened and fused, the mitral 
orifice measuring 2-0 cm in diameter. The thrombus 
was removed from the left atrium and mitral 
commissurotomy was performed. 


Discussion 


Thrombus in the left atrium is sometimes found in 
patients with mitral stenosis. Though echocardio- 
graphy has been used for detecting thrombi, they are 
difficult to visualise with standard techniques be- 
cause most are small and occur in the left atrial 
appendage.’ Occasionally, a large thrombus may 
be layered and adherent to the posterior left atrial 
wall, and produce fuzzy echoes or a band of linear 
echoes, which are difficult to differentiate from the 
signals emanating from the left atrial posterior wall. 

On the other hand, echocardiographic findings of 













Fig. 1 The band-like echoes of a floating thrombus 

were detected posterior to the anterior mitral valve during 
diastole in some cardiac cycles. Their appearance was 

not always regular in timing, and these echoes disappeared 
rapidly at end-diastole. IVS, interventricular septum ; 
AMY, anterior mitral valve. 
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a floating thrombus within the left atrial cavity 
may be characteristic, as shown in this case. The 
echoes of the floating thrombus were detected as 
band-like echoes posterior to the mitral valve and 
as fuzzy echoes in the body of the left atrium by 
M-mode echocardiography. In addition, most of 
these echoes behind the mitral valve appeared at 
diastole and disappeared rapidly at end-diastole, as 
do the echoes of a pedunculated left atrial myxoma." 
These findings were considered to be characteristic 
of the random motions of a floating thrombus in 
the left atrium, not synchronised with cardiac 
cycles. 

Using two-dimensional echocardiography, it is 
easily possible to confirm the free movement of a 
floating thrombus within the left atrial cavity, and 
to estimate the variation in size and position which 
are not coincident with the cardiac cycles. These 
findings partially resemble those of left atrial 
myxoma.’ Though the motions of echoes of 
pedunculated left atrial myxoma may be regular 
and associated with cardiac cycles, there was no 
regularity in motions in the case of a floating 
thrombus. Two-dimensional echocardiography was 
useful in differentiating the motions of such 
abnormal echoes in the left atrium. 


Two-dimensional echocardiograms of the long 
cardiac axis are shown. All four polaroid films were 
obtained at end-diastole. Thrombus echoes (TH) were 
in the body of the left atrium and posterior to the mitral 
valve. Their sizes and positions were variable. 


Fig. 2 


Echoes of floating thrombus 


We present the M-mode and two-dimensional 
echocardiographic findings of a floating thrombus 


` in the left atrium. Though echocardiographic 


detection of thrombi is usually difficult, it is 
relatively easy to visualise a thrombus if it is 
floating freely within the left atrial cavity, as was 
confirmed in this case. Furthermore, two-dimension- 
al echocardiography is usefulin detecting the 
motions of a floating thrombus. 


We acknowledge the help of Drs Hamao Ijichi, 
Kohichi Ohga, Kimimasa Tamari, Takeshi Kakiu- 
chi, Toshimitsu Watanabe, and Yukio Torii. 
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Extreme tachycardia complicating the use of 
disopyramide in atrial flutter 
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SUMMARY A 59-year-old man presented with atrial flutter and a 2:1 atrioventricular response, which, 
after intravenous disopyramide, became 1:1. A mechanism of slowed atrial flutter rate and improved 
atrioventricular nodal conduction, similar to that recognised with quinidine, is suggested. 


Disopyramide is an antiarrhythmic drug which has 
pharmacological properties similar to quinidine! ? 
and a wide spectrum of efficacy. It has been 
advocated for the treatment of virtually all supra- 
ventricular tachyarrhythmias, including atrial 
flutter. With few exceptions it has been well 
tolerated, but dose-related anticholinergic side 
effects are occasionally troublesome. There has 
been a report of disopyramide toxicity complicated 
by ventricular tachycardia? but in the case reported 
here acute administration of disopyramide in 
normal doses to a patient with atrial flutter resulted 
in a life-threatening tachycardia. Similar responses 
have been previously associated with quinidine* 
and this occurrence with disopyramide is not 
unexpected. 


Case history 


A 59-year-old labourer presented with a three-week 
history of dyspnoea on exertion, palpitation, and 
ankle swelling. Four years previously he had been 
admitted to another hospital with similar symptoms 
and had been treated with cardioversion. His 
daily alcohol intake was in excess of 16 pints of 
beer; he smoked 40 cigarettes a day and had a 
15-year history of chronic bronchitis. He had 
taken no drugs before admission. 

On examination he was obese, plethoric, and 
undistressed. He had a regular tachycardia of 160 
per minute, without a pulse deficit; the blood 
pressure was 165/120 mmHg. The jugular venous 
pressure was raised above the angle of the jaw; 
there was moderate dependent oedema and fine 
bilateral basal crepitations were present. 


A 12 lead electrocardiogram showed atrial flutter 
with 2:1 atrioventricular block and a ventricular 
rate of 160 per minute (Fig. trace A), The chest 
x-ray film disclosed cardiomegaly-and pulmonary 
venous congestion. 

He was admitted to the coronary care unit. The 
arrhythmia failed to respond to carotid sinus 
massage and the Valsalva manoeuvre. Subsequently 
disopyramide phosphate was given by slow intra- 
venous injection at a rate of 10mg per minute. 
After the administration of 80 mg he developed 
short runs of atrial flutter with 1:1 atrioventricular 
conduction and a ventricular rate of 240 per minute 
with no change in QRS morphology. The infusion 
was discontinued. This rhythm (Fig. trace B) 
persisted, however, and he rapidly lost conscious- 
ness and had a grand mal convulsion. He was 
immediately cardioverted, initially unsuccessfully 
at 100] followed by successful cardioversion at 
200], with restoration of normal sinus rhythm 
at a rate of 90 per minute. There was prompt 
improvement in his perfusion and he regained 
consciousness shortly thereafter. 

Further investigations confirmed that he was 
euthyroid. There was no clinical or echocardio- 
graphic evidence of valvular disease. Standard 
12 lead electrocardiograms were within normal 
limits with no evidence of pre-excitation or 
anomalous atrioventricular conduction. His liver 
function tests were deranged with bilirubin 
20 nmol/l (normal 2 to 17nmol/) and serum 
gamma glutaryl transferase 82 units/l (normal 10 
to 55 units/I). These investigations were compatible 
with his excessive alcohol consumption and he 
was presumed to have an alcoholic cardiomyopathy. 

Nine months after this episode he remains well, 
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Lead V1 





Fig. Electrocardiogram : (A) 
shows atrial flutter with 2:1 
atrioventricular conduction and 
ventricular rate 160 per minute; 





Monitor lead 





in atrial fibrillation, with a ventricular rate con- 
trolled on digoxin alone. 


‘Comment 


‘The effect of disopyramide on atrioventricular 
nodal conduction is variable, probably because of 
varying vagal tone, but enhancement of conduction 
occurs in some patients. Recently it has been 
shown that intravenous disopyramide slows the 
atrial rate in patients in whom atrial flutter has 
been initiated by atrial pacing. We believe that 
in our case the administration of disopyramide 
‘slowed the atrial flutter rate from 320 per minute 
to 270 per minute, while improving atrioventricular 
nodal conduction, thus allowing a 1:1 atrioventri- 
cular response. A similar electrophysiological 
mechanism is well recognised with quinidine* and 
before treating atrial flutter or atrial fibrillation 
"with quinidine prior treatment with digoxin has 
been recommended to decrease atrioventricular 
node conduction time and to increase the degree 
of atrioventricular block, thus preventing a rapid 
ventricular response. Disopyramide and quinidine 
are very similar drugs so this complication with 
disopyramide is not unexpected. Like quinidine, 
therefore, we would advocate that disopyramide is 
contraindicated in the treatment of atrial flutter or 
atrial fibrillation unless atrioventricular conduction 
is slowed by prior treatment with digoxin or a 
beta-blocker. Atrial flutter is at times difficult to 





(B) after 80 mg disopyramide 
intravenously over eight minutes. 
The different QRS morphology is 
the result of the different 
electrocardiographic lead 
recorded. 


identify as the cause of supraventricular tachy- 
cardia so this possibility should be entertained 
before administering disopyramide  indiscrimi- 
nately for supraventricular tachyarrhythmias. 


References 


1 Hall RC, Brogden RN, Spreight TM, Avery GS. 
Disopyramide. A review of its pharmacological 
properties and therapeutic use in treating cardiac 
arrhythmias. Drugs 1978; 15: 331-68. 

2 Josephson ME, Caracta AR, Lau SH, Gallagher JJ, 
Damato AN. Electrophysiological evaluation of 
disopyramide in man. Am Heart F 1973; 86: 771-80. 

3 Meltzer RS, Robert EW, McMorrow M, Martin 
RP. Atypical ventricular tachycardia as a mani- 
festation of disopyramide toxicity. Am f Cardiol 
1978; 42: 1049-53. 

4 Laurence DR. Clinical pharamacology. 2nd ed. 
London: J & A Churchill, 1963: 334. 

5 Befeler B, Castellanos A Jr, Wells DE, Vagueiro 
MC, Yeh BK. Electrophysiologic effects of the anti- 
arrhythmic agent disopyramide phosphate. Am 7 
Cardiol 1975; 35: 282-7. 

6 Camm J, Ward D, Spurrell RAJ. Response of 
paroxysmal atrial flutter to intravenous disopyramide 
phosphate and overdrive atrial pacing (abstract). 
Br Heart F 1979; 42: 237. 


Requests for reprints to Dr Colin E Robertson, 
Medical Renal Unit, The Royal Infirmary, 
Edinburgh EH3 9YW. 


Correspondence 


Br Heart J 1980; 44: 604-5 


Effect of intravenous propranolol on QT interval 


Sir, 

We read with interest the study of Milne et al. 
(Br Heart 7 1980; 43: 1-6) dealing with a new 
method to assess the effects of intravenous pro- 
pranolol on QT interval and wish to comment on 
some aspects of their paper. 

(1) The QT interval of the electrocardiogram 
can be interpreted only after correction for the 
cardiac cycle length. Bazett’s formula is frequently 
used for this purpose and expressed as the symbol 
QTc: an absolute value of QTc exceeding 440 ms 
means prolongation.! Previous reports indicate that 
a prolonged QTc may represent a significant risk 
index for major cardiac arrhythmias in acute or 
healed myocardial infarction.? è On the other hand, 
antisympathetic drugs are used in such clinical 
situations and may help prevent sudden death.^ ë 
Propranolol,® alprenolol,? and bretylium tosylate? 
shorten the QTc interval and this may be how they 
reduce the incidence of major arrhythmias. 

The conclusions drawn by Milne et al. do not 
apparently support this view. 

(2) It is surprising however that such a relevant 
point is not supported by an unbiased statistical 
analysis.” Furthermore, when comparing (variance 
analysis) the QTc of all 15 patients with measure- 
ments obtained in sinus rhythm and during atrial 
pacing, before and after propranolol (0-1 mg/kg 
over three minutes) it is evident (see Table) that: 
(a) propranolol induces a marginally significant 
(p <0-065) reduction of QTc when infused in 
patients in sinus rhythm; (b) the lengthening of 
QTc after propranolol during atrial pacing is 
statistically not significant; (c) there is a highly 


Table QTc before and after propranolol (mean+SD) 





in 15 patients OT 
Tc= —_— (ms 
QTe= rag (ms) 
Sinus rhythm Atrially paced 
Before After Before After 


416 x18 401223 485 +39 498 +40 
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significant (p«0-00001) lengthening induced by 
the proposed new method, irrespective of whether 
the drug was given. 

(3) While the method described by Milne er al. 
deserves to be validated in a larger and more 
homogeneous series, it does not seem that the 
suggested action of propranolol in prolonging the 
QT interval duration during atrial pacing is sub- 
stantiated. 


Paolo E Puddu, 

Remy Jouve, 

Jean Torresani, 

C.H.U. Marseille Nord, 

Hôpital Nord Service de Cardiologie, 
Chemin des Bourrely, 

13326 Marseille Cedex 3, 

France. 
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This letter was shown to Dr Milne and his col- 
leagues who reply as follows: 


Sir, 

Puddu and his colleagues point out many of the 
difficulties in the interpretation of the QT interval, 
and of the changes of the QT interval occasioned by 
atrial pacing and by physiological or pharmaco- 
logical manoeuvres. Though physiological changes 
in the QT interval can possibly be corrected for 
concomitant rate changes by the use of correction 
factors such as Bazett’s formula, there is no evidence 
that changes of rate induced by atrial pacing or by 
drugs can be similarly corrected. Indeed the results 
of our research suggest that in the case of atrial 
pacing, in which rates were used which extended 
beyond the physiological range assessed by Bazett, 
simple hyperbolic correction was completely in- 
accurate as implied in paragraph 2c of the letter by 
Puddu and his colleagues. 

In order to compensate for the bradycardia 
induced by propranolol, a comparison of pre- and 
post-propranolol QT intervals can be made by 
correcting both values for rate according to Bazett’s 
formula. Alternatively, rate can be controlled by 
atrial pacing at identical frequencies both before 
and after drug administration. Our results in- 
dicated that, when using Bazett’s correction the 
QTc usually shortened after propranolol, but when 
fixing the rate by atrial pacing, the QT tended to 
lengthen. As is pointed out by Puddu and colleagues, 
this result was not statistically significant. 

These combined results suggest that one or other 
method is inappropriate and we are, as yet, pre- 
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pared to accept that making comparisons at non- 
physiological atrial paced rates may lead to in- 
correct results. We are also very unsure, however, 
about the validity of assuming that Bazett’s correc- 
tion can be applied to pharmacologically induced. 
changes of rate. Rickards et al.1 confirm our belief 
that simple hyperbolic correction should be not 
applied to QT interval changes induced by atrial 
pacing. Their results, like ours, lead to the con- 
clusion that Bazett’s correction would seriously 
overestimate the QTc at atrial driven rates above 
100 a minute. 

We should also point out that the results of our 
work do not necessarily apply to the effects of rate 
changes or beta-blockade on the QT interval in 
abnormal repolarisation syndromes. The QT 
interval response to the imposition of an artificial 
rate, abnormal depolarisation sequence, or pharma- 
cological intervention may be characteristically 
different from the results in our "normal" series. 

J Milne, 

AJ Camm, 

D E Ward, 

RAJ Spurrell, 

Department of Cardiology, 

St Bartholomew’s Hospital, London. 
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Aortic root dissection 


Sir, 

Candell-Riera and co-workers recently reported 
early systolic closure of the aortic valve in two cases 
with aortic root dissection.! 'They state that this 
partíal closure of the aortic valve has also been 
Observed in discrete subaortic stenosis, mitral 
regurgitation, and ventricular septal defect. 

Apart from these conditions, partial closure of the 
aortic valve has been shown in hypertrophic cardio- 
myopathy with and without obstruction? and in 
ruptured right coronary sinus of Valsalva aneurysm 
into the right ventricle? The haemodynamic 
situation in the latter condition may be similar to 
that in case 1 of the report by Candell-Riera and 
his colleagues in which the aortic root dissection 
ruptured into the pericardial and pleural spaces. 

In the echocardiogram of this case (Fig. 1B) a 
structure is identified by a lower, large horizontal 
arrow, as the external layer of the aorta. The motion 
of this structure, however, appears to be out of 
phase with that of the anterior aortic root. The 
patient had a pericardial effusion and I wonder 
whether it is the left atrial wall which is labelled 
and the echo-free space posterior is a pericardial 
effusion behind the left atrium.* A continuous sweep 
recording from the aortic root through the mitral 
valve to the left ventricular plane might have 
clarified the situation. 

Yoshinori L Doi, 

The Third Division (Cardiology), 
Department of Medicine, 

Osaka Medical College, 
Takatsuki-city, 

Osaka 569, 

Japan. 
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This letter was shown to Dr Candell-Riera who 
replies as follows: 


Sir, 

In our two reported cases of aortic root dissection 
as well as in a more recent one that we have had the 
opportunity of seeing, the partial systolic aortic 
closure recorded in the echocardiogram was very 
premature (less than 0-05s from the opening 
point). For that reason we did not discuss the 
differential diagnosis with hypertrophic cardio- 
myopathy, since in the latter condition the closure 
of the aortic leaflets occurs later (at 0-14 +0-04 s 
from the opening point) as Krajcer et al. have 
shown. Accordingly, Doi et al.? have referred to this 
closure in the obstructive and non-obstructive 
hypertrophic cardiomyopathy as being “mid- 
systolic" rather than “early systolic". 

We agree with Dr Doi that this early systolic 
closure of the aortic leaflets can be seen in a ruptured 
right coronary sinus of Valsalva into the right 
ventricle and have recently seen such a case. We 
have also observed this sign in a case of constrictive 
pericarditis, in aortic regurgitation with severe 
aortic root dilatation without dissection, and in 
situations of severe low cardiac output. Moreover, 
Krueger et al? have pointed out the presence of a 
slight systolic aortic partial closure in normal 
subjects. 

As we mention in our paper, pericardial effusion 
posterior to the left atrium can be confused with 
dissection of the posterior wall of the aorta. This 
possibility, which Dr Doi refers to in relation to 
Fig. 1B of our report, can be ruled out, not only by 
the continuous sweep recording from the aortic root 
to the left ventricle, but also by aortography. In the 
left lateral projection of the angiogram the false 
lumen of the aorta was seen in the anterior as well 
as in the posterior wall, thus coinciding with the 
echocardiographic recordings of the false lumen in 
size and location. Se 

J Candell-Riera, Sh 

Unidad Coronaria, 

Ciudad Sanitaria de la Seguridad ‘Social, 
Barcelona, Spain. 
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The International Society of Mechanocardio- 
graphy (ISM) 

This society is organising the First European 
Conference on Mechanocardiography in Leuven, 
Belgium, on 9-11 April 1981. 

For further information apply to: Dr A E Aubert, 
Secretary ISM, Cardiology Department, St. 
Raphael University Hospital, B-3000 Leuven, 
Belgium. 


Paediatric cardiology 


The next conference on Paediatric Cardiology will 
be held in London at the Royal College of Obste- 
tricians and Gynaecologists on 16-18 September 
1981. 

Details from: Conference Services Ltd, 3 Bute 
Street, London SW7. 


The Fifth World Conference on Smoking and 
Health 
'This will be held in Winnipeg, Canada, from 10 to 
15 July 1983. 

For further information apply to: Fifth World 
Conference on Smoking and Health, P.O. Box 228, 
Station B, Ottawa, Ontario, K1P 6C4, Canada. 


International Conference on Non-invasive 
Techniques 


This conference, sponsored by American College of 
Chest Physicians, Western India Chapter, will be 
held in Bombay, 6 to 8 December 1981. 

For further information apply to: Dr Ashok T 
Tulpule, Secretary-General, International Con- 
ference on Non-Invasive Techniques, Patel Cham- 
ber, French Bridge, Bombay 400 007, India. 


Sir Thomas Lewis (1881-1945): an historical 
perspective 


A one-day symposium on this theme will be held 
at the Wellcome Institute for the History of 
Medicine on 24 April 1981. Speakers will include 
Dr Arthur Hollman, Dr John Honour, Dr Dennis 
Krikler, Sir Edward Pochin, Professor H A Snellen, 
and Sir Edward Wayne. 

The papers will examine the historical significance 
of Lewis’s work on pain and skin responses as well 
as his better known cardiological investigations. 

Further details from Dr C J Lawrence, Wellcome 
Institute for the History of Medicine, 183 Euston 
Road, London NW1 2BP. 
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Correlations of fibrosis in endomyocardial biopsies 
from patients with aortic valve disease 


P J OLDERSHAW, I A B BROOKSBY, M J DAVIES, D J COLTART, 


B S JENKINS, M M WEBB-PEPLOE 


From the Cardiac Department, St. Thomas? Hospital, and the Department of Histopathology, 


St. George's Hospital Medical School, London 


SUMMARY The amount of fibrosis in endomyocardial biopsies from 55 patients with aortic stenosis and 
42 patients with aortic regurgitation was measured. Sixty per cent of the patients with aortic stenosis 
had some degree of fibrosis; the degree of fibrosis correlated strongly with ejection fraction, peak systolic 
gradient, symptoms of cardiac failure, and mortality. In patients with aortic regurgitation, fibrosis was 
found in 40 per cent and was never severe. A correlation was found with symptoms of cardiac failure and 
mortality at follow-up, but not with ejection fraction or degree of regurgitation. 


Endomyocardial biopsy is used mainly to establish 
a pathological diagnosis in myocardial disease. 
Characteristic histological changes are seen in 
infiltrative disorders such as amyloidosis, sarcoi- 
dosis, and haemochromatosis but such cases are 
rare. In the majority of cases of acquired heart 
disease and of cardiomyopathy, microscopy of the 
diseased ventricle shows only non-specific changes 
such as fibrosis, increase in fibre size, vacuolation of 
muscle fibres, abnormal arrangement of muscle 
fibres, inflammatory cell infiltration, and alteration 
of cell organelles.! * In this study, we set out to 
establish whether information obtained from the 
biopsy might predict patient prognosis. 

The degree of fibrosis in endomyocardial biopsies 
from 97 patients with aortic valve disease was 
assessed. This was correlated with symptoms and 
the need for subsequent treatment of cardiac failure. 


Methods 


In this study, we included all patients who under- 
went cardiac catheterisation at St. Thomas’ 
Hospital for aortic valve disease between 1973 and 
1977. All gave informed consent for left ventricular 
biopsy. Each patient had right and left heart 
catheterisation including left ventricular angio- 
graphy and coronary arteriography. Biopsies were 
taken with the modified Olympus fibreoptic 
bronchoscopic biopsy forceps? which was introduced 
using the St. Thomas’ long sheath technique.‘ 
Specimens were taken from the left ventricle via 
Received for publication 16 June 1980 


the sheath passed either retrogradely across the 
aortic valve or transseptally across the mitral valve. _ 
Where possible, the sheath was positioned so that 
specimens were taken from the free wall of the left 
ventricle towards the apex. (Three or four speci- 
mens were taken from the ventricle in each case.) 
The specimens were fixed immediately in 10 per 
cent formol-saline solution, processed, and cut by 
conventional methods. Sections, 6 thick, were 
stained with haematoxylin and eosin and a modified 
trichrome, elastic van Gieson. The proportion of 
collagen was obtained in sections stained by the 
trichrome method, by means of a standard point- 
counting technique with a 25 point graticule in 
the eyepiece of the microscope. All specimens were 
analysed by a pathologist who was unaware of 
details of the patient's diagnosis. f 

The degree of fibrosis of the ventricle in each 
patient was compared with: (1) age of the patient; 
(2) the presence of hypertension before catheterisa- 
tion (systolic blood pressure >140 mmHg), (3) 
electrocardiographic evidence of left ventricular 
hypertrophy (V1 S+V6 R235 mm); (4) coronary 
arteriographic evidence of ischaemic heart disease 
(stenosis >70% of normal vessel diameter); 
(5) ejection fraction as measured at cardiac catheter- 
isation; (6) peak systolic gradient across the aortic 
valve or degree of aortic regurgitation; (7) the 
patient’s symptoms and requirements for antifailure 
therapy. 

All results are given as the mean + the standard 
error of the mean. Differences between groups were 
assessed using Student’s t test. 
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Results 


(a) PATIENTS 

Left ventricular endomyocardial biopsies were 
obtained from 97 patients with aortic valve disease. 
In 55 of these patients (30 men, 25 women) aortic 
stenosis was the dominant lesion; in 42 (34 men, 
8 women) aortic regurgitation was dorninant. The 
mean age of patients with aortic stenosis was 59 
years (range 30 to 72 years), and of those with aortic 
regurgitation 48 years (range 22 to 67 years). There 
was no correlation between degree of fibrosis and 
patient age or with duration of symptoms. Forty- 
two of the patients with aortic stenosis, and 25 of the 
patients with aortic regurgitation required aortic 
valve replacement. , 


Table 1 Relation of percentage fibrosis to peak 
systolic gradient and ejection fraction (both measured 
at cardiac catheterisation) in patients with aortic 
Stenosis 











Per No. of Mean peak No. of patients with ejection 
cent patients systolic fraction 
fibrosis gradient 
( SEM) 20-55 030-0-55 «0:30 

0 22 67+ 9 15 7 — 

0- 5 20 82 +10 8 1i 1 

5-10 6 82 +12 3 2 1 
10-15 4 86 x16 i i 2 
15-20 1 88 — i — 
20-30 2 95 — — 2 





(b) AORTIC STENOSIS 

Thirty-three (60%) of the 55 patients bad fibrosis 
in the myocardial biopsy. The percentage fibrosis in 
these patients showed no significant correlation with 
pre-existing hypertension, electrocardiographic evi- 
dence of left ventricular hypertrophy, or coexisting 
ischaemic heart disease. There was, however, a 
significant correlation (r—0-78, p«0-02) with 
the left ventricular ejection fraction. The mean 
ejection fraction of patients with fibrosis was 0-43 as 
compared with 0-56 for patients without fibrosis 
(p « 0:01) (Table 1). Similarly, a significant correla- 
tion was found with the peak systolic gradient across 
the aortic valve as measured at cardiac catheterisa- 
tion. Patients with fibrosis had a mean peak systolic 
gradient of 83 mmHg which was significantly 
greater than that for patients without fibrosis— 
67 mmHg (p « 0:01). 

'The percentage of fibrous tissue also correlated 
strongly with symptoms, the need for antifailure 
treatment, and mortality (Table 2). Of the 33 
patients with fibrosis, 16 required antifailure 
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Table 2 Relation of percentage fibrosis to requirement 
for aortic valve replacement and medical antifailure 
treatment at follow-up in patients with aortic stenosis 








Per No.of No. of patients Follow-up treatment requirements 
cent patients requiring aortic 
fibrosis valve o Treatment Dead 
replacement treatment 

0 22 15 19 (12)* 3 (3) — 

0- 5 20 16 6 (5) 10 (8) 4 (3) 

5-10 6 5 1) 2 (2) 3 (2) 
10-15 4 3 — 3 (2) 1 (1) 
15-20 1 1 — 1(1) — 
20-30 2 2 — — 2 (2) 





*Numbers in parentheses indicate aortic valve replacement. 


therapy and 10 died during the follow-up period of 
this study; of the 22 patients without fibrosis only 
three required treatment and there were no deaths. 
Of the 10 patients with dominant stenosis who died, 
two died suddenly while waiting for surgery, two 
died during cardiac bypass, three died in the im- 
mediate postoperative period (one died with 
septicaemia, two died with presumed arrhythmia), 
and three died after discharge having had aortic 
valve surgery (one with increasing left ventricular 
failure, two undiagnosed). 

Twenty-seven (82%) of the 33 patients with 
fibrosis and 15 (68%) of the 22 patients without 
fibrosis had aortic valve replacement. 


(c) AORTIC REGURGITATION 

Fibrosis was found in 17 (40%) of the 42 patients; 
the percentage fibrosis, with the exception of one 
case, was less than 5 per cent. There was no cor- 
relation in these patients between percentage 
fibrosis and pre-existing hypertension, electro- 
cardiographic evidence of left ventricular hyper- 
trophy, or ischaemic heart disease nor with left 
ventricular ejection fraction or the degree of re- 
gurgitation. Percentage fibrosis was related to 
follow-up symptomatology and requirement for 


Table 3 Relation of percentage fibrosis to requirement a 
for aortic valve replacement and to symptomatology 
at follow-up in patients with aortic regurgitation 








Per No.of No. of patients Follow-up treatment requirements 
cent patients requiring aortic No Treatment Dead 
Sibrosis valve treatment 
replacement 

0 25 15 22 (13)* 1(1) 2 (1) 

0- 5 16 9 10 (5) 4 (3) - 2 (1) 

5-10 — — — — — 
10-15 1 i — 1) — 





*Numbers in parentheses indicate aortic valve replacement. 
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antifailure therapy (Table 3). In the absence of 
fibrosis, only one of 23 patients required antifailure 
treatment at follow-up, whereas five of 15 patients 
with fibrosis required such treatment. Of the 42 
_ patients studied, four died in the follow-up period. 
Two of these had no fibrosis, two had less than 5 
per cent fibrosis; two of these deaths followed 
cardiac arrests while the patients were awaiting 
aortic valve surgery, and two occurred several 
years after operation because of increasing left 
ventricular failure. 
Ten (59%) of the 17 patients with fibrosis and 15 
(62%) of the 24 patients without fibrosis had aortic 
valve replacement. 


Discussion 


To date, endomyocardial. biopsy has been largely 
used to establish a pathological diagnosis and little 
work has been performed in trying to correlate 
histology with clinical findings. Two notable 
exceptions to this are found in the work of Kuhn 
et al5 and Kunkel et al., both of whom studied 
congestive cardiomyopathy. Kuhn et al.> concluded 
that endomyocardial biopsy allowed clear prognostic 
separation in patients with congestive cardiomyo- 
pathy, and was of diagnostic value in patients with 
mild cardiomegaly and a short history of symptoms. 
Kunkel er al.5 also found good agreement in con- 
gestive cardiomyopathy between clinical and mor- 
phological changes. In this study, we have compared 
biopsy findings in patients with aortic valve disease 
with clinical symptomatology and mortality. Patients 
with aortic valve disease were used because their 
exercise tolerance remains poor after aortic valve 
replacement when left ventricular function is 
impaired preoperatively.” We measured the per- 
centage of fibrosis in left ventricular biopsies from 
such patients to see if this was a contributory factor 
towards this effect. 

In patients with dominant aortic stenosis, the 
degree of fibrosis showed good correlation with left 
ventricular function as assessed by the left ven- 
tricular ejection fraction at cardiac catheterisation, 
and also with the severity of the stenosis as measured 
by the peak systolic gradient across the aortic valve. 
The amount of fibrosis also proved useful in the 
prediction of prognosis, and correlated well with 
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symptoms at follow-up, with requirements for anti- 
failure therapy, and with mortality. 

Patients with dominant aortic regurgitation de- 
veloped fibrosis less frequently and to a less severe 
degree than patients with dominant stenosis. It was 
therefore difficult to relate fibrosis to left ventricular 
function or degree of regurgitation. The relation 
between percentage fibrosis and patient prognosis, 
however, still held. 

In patients with either dominant aortic stenosis 
or regurgitation, there was no correlation with age, 
duration of symptoms, hypertension, electrocardio- 
graphic evidence of left ventricular hypertrophy, or 
coronary artery disease. 

We suggest that the role of endomyocardial 
biopsy is not yet fully realised, and in the future this 
technique may be useful beyond simply establishing 
a pathological diagnosis. 


References 


1 Olsen EGJ. Diagnostic value of the endomyocardial 
bioptome. Lancet 1974; i: 658-60. 

2 Brooksby IAB, Jenkins BS, Coltart DJ, Webb-Peploe 
MM, Davies MJ. Left ventricular endomyocardial 
biopsy. Lancet 1974; ii: 1222-5. 

3 Richardson PJ. King’s endomyocardial bioptome. 
Lancet 1974; i: 660-1. . 

4 Brooksby IAB, Swanton RH, Jenkins BS, Webb- 
Peploe MM. Long sheath technique for introduction 
of catheter tip manometer or endomyocardial 
bioptome into left or right heart. Br Heart 7 1974; 
36: 908-12. 

5 Kuhn H, Knieriem HJ, Lósse B, et al. Prognosis and 
possible presymptomatic manifestations of congestive 
cardiomyopathy (COCM). Postgrad Med 7 1978; 
54: 451-9. 

6 Kunkel B, Lapp H, Kober G, Kaltenbach M. Correla- 
tions between clinical and microscopic findings and 
natural history in congestive cardiomyopathy. In: 
Kaltenbach M, Loogen F, Olsen EGJ. eds. Cardio- 
myopathy and myocardial biopsy. Berlin: Springer, 
1978: 271-83. 

7 Brooksby IAB, Jenkins BS, Coltart DJ, Williams BT, 
Braimbridge MV, Webb-Peploe MM. Aortic valve 
replacement: the influence of ventricular function 
on the immediate and long term outcome. Eur Cong 
Cardiol. i 


Requests for reprints to Dr P J Oldershaw, Bromp- 
ton Hospital, Fulham Road, London SW3 6HP. 


Br Heart 7 1980; 44: 612-20 


Assessment of pulsed Doppler echocardiography ~ 
in detection and quantification of aortic and mitral 
regurgitation" 
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From the Section of Cardiology, Department of Medicine, Baylor College of Medicine and 
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SUMMARY Pulsed Doppler echocardiography was employed to detect disturbed or turbulent flow 
diagnostic of aortic or mitral regurgitation. Sensitivity, specificity, diagnostic accuracy, and predictive 
value were assessed by the independent interpretation and comparison of aortic root angiograms (91 
patients) and left ventriculograms (94 patients) to the time interval histogram display of the pulsed 
Doppler. Sensitivity of Doppler in detecting mitral regurgitation was 94 per cent, with specificity 
89 per cent, predictive value 81 per cent, and diagnostic accuracy 90 per cent (32 patients with, 62 
without regurgitation). In aortic regurgitation, sensitivity was also 94 per cent, specificity 82 per cent, 
predictive value 94 per cent, and the diagnostic accuracy was 91 per cent (69 patients with, 22 without 
aortic regurgitation). Additionally, no Doppler evidence of mitral or aortic regurgitation was present in 
20 normal subjects. The aetiology of left-sided valvular regurgitation varied widely, with prosthetic 
valvular insufficiency being the cause of mitral and aortic regurgitation in seven and 10 patients, respec- 
tively. Sixteen of 17 (94%) paraprosthetic leaks were correctly identified by pulsed Doppler. In patients 
with aortic regurgitation the flow-velocity curve recorded in the ascending aorta frequently showed a 
negative (or reversed) diastolic component, the magnitude of which (expressed as percentage negative 
area) correlated significantly with angiographic severity of regurgitation. Thus, pulsed Doppler echo- 
cardiography is a highly accurate and objective non-invasive technique for detecting mitral and aortic’ 
regurgitation. In aortic regurgitation, estimation of severity is possible from inspection of the Doppler 
ascending aortic flow velocity curve. 


Pulsed Doppler echocardiography is a new non- 
invasive technique that has proved useful in the 
detection of valvular regurgitation or stenosis!-^? as 
well as structural abnormalities such as atrial or 
ventricular septal defects.* 5 The addition of pulsed 
Doppler studies to routine M-mode echocardio- 
graphy enhances the likelihood of localising the 
source of cardiac murmurs and in certain instances 
quantifying the severity of valvular dysfunction. In 
this regard, we have recently shown? that analysis 
of the time interval histogram of the pulsed Dop- 
pler can be of use in discriminating between 
patients with severe aortic stenosis (aortic valve 
area less than 1-0 cm?) and those with less severe 
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stenosis (aortic valve area greater than 1-0 cm?). 
Additionally, we have been able to quantify the 
amount of tricuspid regurgitation and relate the 
extent of regurgitation to right ventricular haemo- 
dynamics.” ; 

Earlier reports concerning the diagnostic ac- 
curacy of pulsed Doppler echocardiography in 
detecting left-sided valvular regurgitation have 
depended primarily on a subjective interpretation 
of the audio output from the instrument to identify 
the presence of systolic turbulence in the left 
atrium, a sign of mitral regurgitation,® or diastolic 
turbulence in the left ventricular outflow tract, a 
sign of aortic regurgitation.* The obvious need for 
a graphic display of the data has led to the develop- 
ment of a time interval histogram for displaying 
the changes in frequency of the ultrasound.? 

The objectives of this investigation were to 
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determine the specificity, sensitivity, predictive 
values, and diagnostic accuracy of the time interval 
histogram in detecting the mitral and aortic regur- 
gitation. Additionally, an attempt was made to 
correlate measurements derived from the time 
interval histogram with the angiographic severity 
of valvular insufficiency. 


Materials and methods 


TECHNICAL DESCRIPTIONS 

The principles of pulsed Doppler echocardio- 
graphy have been previously discussed by Johnson 
et al.! and Baker er a/.* and will be reviewed only 
briefly. The frequency of a reflected sound wave 
is altered when the reflecting target is in motion. 
When an ultrasound beam is directed toward 
smooth, non-turbulent or laminar blood flow, the 
reflected sound waves exhibit a fairly uniform shift 
in frequency or “Doppler shift". This shift may 
be graphically represented as either a positive or 
negative deflection depending on direction of flow 
toward or away from the transducer. The magni- 
tude of the shift is related to both velocity of flow 
and the angle of incidence between flow and sound. 
When the ultrasound beam is directed at turbulent 
blood flow, the reflected sound waves demonstrate 
a wide and random shift in frequency because of 
the varying direction and velocity of blood cells in 
the turbulent area. 
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Pulsed Doppler echocardiograms were performed 
in this study using a commercially available Echo- 
Doppler unit (advanced Technology Laboratory, 
Bellevue, Washington) that employs repetitive 
pulses of sound in the megaHertz range similar to 
traditional M-mode echocardiography. The advan- 
tage of pulsed Doppler over continuous wave 
Doppler is that the Doppler shifts produced by 
the velocity of blood flow can be recorded in 
localised intracardiac positions at variable depths 
by means of a range-gating system in conjunction 
with a standard M-mode echocardiogram, thereby 
allowing accurate placement of the sample volume 
within the cardiac chambers. An audio signal is 
generated, which is represented as tonal quality 
changes. Non-turbulent blood flow results in a 
narrow frequency band width producing a musical 
sound in contrast to turbulent flow which generates 
a wide band width pattern producing a harsh 
rasping sound. 

In addition to the aural presentation, a per- 
manent display of the Doppler shift is achieved 
using a time interval histogram. The time interval 
histogram plots the frequency shifts of the reflected 
ultrasound using a zero-crossing technique that 
has previously been described by Lorch et al? In 
brief, a pattern is derived by measuring the time 
between successive zero crossings of audible signal 
wave forms. A zero crossing is defined as the 
instant in time when the Doppler shift signal 
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Examples of a normal pulsed Doppler echocardiographic examination with a compressed M-mode on top 


and a time interval histogram ( TIH) below. The sample volume is placed in the left ventricular outflow tract 

( LVOT) when searching for aortic regurgitation (panel A) and posterior to the mitral valve ( MV ) when 
assessing mitral regurgitation ( panel B). Panel C illustrates a normal ascending aortic flow velocity curve. 

The transducer location is shown in each panel in parentheses. LSB, left sternal border; SSN, supra-sternal notch; 
AO, ascending aorta; IVS, interventricular septum; LA, left atrium; RPA, right pulmonary artery ; 


ECG, electrocardiogram. 
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passes through its zero intensity level. A series of 
dots are printed above (positive shift) or below 
(negative shift) a baseline point. Each dot repre- 
sents a zero crossing event with the distance away 
from baseline reflecting the magnitude of the 
Doppler shift frequency (the greater the frequency 
shift, the shorter the zero crossing time interval). 
Smooth laminar flow produces a narrow cluster of 
dots while disturbed or turbulent flow produces a 
widely dispersed dot pattern, The ultimate display 
consists of the M-mode echo with a superimposed 
line indicating the sample volume location, an 
electrocardiogram, and the time interval histogram 
(Fig. 1). 

The technique employed in this study consisted 
of placing a 3-0 MHz transducer along the left 
sternal border in a fashion similar to a routine 
M-mode echocardiographic study (Fig. 1 and 2). 
The mitral and aortic valves as well as the left 
ventricular outflow tract and left atrium were 
identified with the M-mode echocardiogram. 
Threshold and gain settings were adjusted with the 
sample volume placed in the left atrium. Threshold 
was set at the lowest level that allowed a slight 
background noise on the baseline (any further 
reduction in threshold would produce wide disper- 
sion of the dots giving an appearance of turbulent 
flow even though no real turbulence would be 
detected by the aural analysis). Gain was set at the 
highest level that allowed only a slight background 
noise to be audible. ` 





Fig.2 Diagrammatic illustration of the different 
transducer positions and sample volume locations (A-D) 
used in this study. See text for details. As AO, 
ascending aorta: other abreviations as in Fig. 1. 


Mitral regurgitation was sought from the left 
sternal border by placing the sample volume in the 
left atrium posterior to the anterior leaflet of the 
mitral valve or posterior to the aortic root while 
searching for systolic turbulence. In all cases the 
transducer was also placed at the cardiac apex with 
the patient in the left lateral recumbent position, 
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the mitral valve was visualised, and the sample 
volume placed in the left atrium posterior to the 
anterior leaflet. When searching for turbulence, 
the operator relied on the audio output from the 
instrument while moving the sample volume 
around the left atrium making appropriate record- 
ings when turbulence was heard. In all cases, 
however, the diagnosis of mitral regurgitation was 
ultimately based upon an objective analysis of the 
time interval histogram where turbulence was 
taken as a frequency dispersion greater than 10 mm 
(absolute measurement of dot distribution above 
and below the zero frequency shift baseline as 
shown in Fig. 3). When systolic turbulence was 
present, its maximal amplitude was measured in 
absolute millimetres from lines drawn outlining its 
upper and lower border (Fig. 3B). Measurements 
were averaged over the five cardiac cycles displaying 
widest frequency dispersion. 

Aortic regurgitation was sought from the left 
sternal border by placing the sample volume in the 
left ventricular outflow tract (Fig. 4) just below the 
aortic valve, and searching for diastolic turbulence. 
As in mitral regurgitation, the diagnosis of aortic 
regurgitation was ultimately made from inspection 
of the time interval histogram. Special precaution 
in patients with left ventricular inflow obstruction 
(mitral stenosis or prosthetic mitral valves) was 
used to avoid confusion between diastolic turbu- 
lence produced by inflow through the mitral valve 
with that caused by aortic regurgitation. This 
potential source of error was prevented by sampling 
just below the aortic valve at a point where the 
M-mode echogram demonstrated the junction of 
the mitral valve anterior leaflet with the posterior 
aortic root echo. In all cases the transducer was 
also placed at the suprasternal notch with the 
sample volume in the ascending aorta for recording 
of the ascending aortic “flow-velocity” curve. 
Normally, the analogue of the time interval histo- 
gram in the ascending aorta produces a positive 
smooth “‘flow-like” curve during systole returning 
to baseline during diastole with only minimal early 
diastolic negative deflection (Fig. 1C). In aortic 
regurgitation without significant stenosis the dia- 
stolic curve frequently becomes negative conse- 
quent to retrograde flow into the ventricle (Fig. 
4B). In these cases the areas of positive and nega- 
tive deflections outlined by the analogue curve 
were measured by planimetry in five consecutive 
cardiac cycles and the results averaged to compute 
an index of severity of aortic regurgitation: 


negative area 


total area (negative plus 
positive areas) 


% negative area = x LoL 
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Fig. 3. Examples of systolic turbulence ( TURB) indicative of mitral regurgitation with sample volume located 
posterior to mitral valve (panels A and C) or in the left atrium (panel B) ; transducer position at left sternal 
border ( panels A and B) or cardiac apex ( panel C). The maximal amplitude of turbulence ( MAT) is measured 
as shown in panel B. See text for details. Abbreviations as in Fig. 1. 


During a period of six months all patients who 
had a pulsed Doppler examination within five days 
of cardiac catheterisation were selected for analysis. 
The results from the Doppler time interval histo- 
gram were compared with the left ventricular or 
aortic root angiogram by independent observers. 
Left ventricular angiography was performed in all 
patients in a 30^ right anterior oblique position 
with the injection of 40 to 50 ml Renografin-76 
while the aortic root angiograms were performed 
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in a 45° left anterior oblique projection with injec- 
tion of similar amounts of contrast material. Mitral 
regurgitation was diagnosed from the left ven- 
triculogram when contrast material appeared in the 
left atrium during systole in the absence of ventricu- 
lar or atrial ectopy. The severity of mitral regurgi- 
tation was judged qualitatively as 1+ (rapid clear- 
ance of dye from the left atrium with each cycle), 
2-- (slower clearance of dye from left atrium but 
greater opacification of ventricle than atrium), or 





Fig. 4 Panel A shows an example of diastolic turbulence ( TURB) in the left ventricular outflow tract indicative 
of aortic regurgitation, transducer positioned at left sternal border. Panel B illustrates an ascending aortic flow 
velocity curve from the same patient showing a characteristic diastolic negative deflection. Planimetry of the 
negative and positive areas allows assessment of severity of aortic regurgitation {see text). 


Abbreviations as in Fig. 1. 
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3.- (left atrium filled with dye and appearing 
equal to or more dense than ventricle) Aortic 
regurgitation was diagnosed from the aortic root 
angiogram when contrast material appeared in the 
left ventricle during diastole; its severity was 
judged qualitatively from 1-4- to 4+: 1+, minimal 
dye in the ventricle clearing with each systole; 
2--, slower clearance of dye from ventricle with 
aortic opacification greater than ventricular; 3+, 
rapid opacification of ventricle with slow clearance 
and equal density of dye in both ventricle and 
aorta; 4--, complete opacification of ventricle 
within first two cardiac cycles with greater density 
of dye in the ventricle than in the aorta. 

Four patients were eliminated from analysis, 
two for suboptimal echocardiographic studies and 
two for suboptimal quality of the angiograms. The 
decision to eliminate these patients was made 
without knowledge of the results of the angiogram 
in the first two or the Doppler examination in the 
second two cases. À total of 94 studies was available 
for comparison with angiographic detection of 
mitral regurgitation and 91 for comparison with 
angiographic detection of aortic regurgitation. In 
addition, 20 normal subjects without evidence of 
organic heart disease were studied by pulsed 
Doppler echocardiography to establish specificity 
for mitral and aortic regurgitation in a normal 
population. The sensitivity, specificity, predictive 
value, and accuracy of the pulsed Doppler echo- 
cardiogram were calculated as follows: 
true positive 


true positive plus false negatives 





Sensitivity = 


Fig.5 Bar diagram 

illustrating sensitivity, spectficity, 
and predictive values of pulsed 
Doppler echocardiography ( PDE) 
in mitral regurgitation (MR). 
Angio, angiography. 
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true negative 





Specificity = ee - TU 
true negative plus false positives 





Predictive value == — — 
true positive (or negative) plus 


false positive (or negative) 


true positives plus true negatives 





Accuracy 

all subjects 
where, true positive —Doppler positive, angio 
positive; true negative Doppler negative, angio 
negative; false negative — Doppler negative, angio 
positive; and false positive--Doppler positive, 
angio negative. The significance of a difference 
between the means of samples was computed using 
Student's t test with significance established at a 
p «0:05 level. 


Results 


MITRAL REGURGITATION 

Fig. 3 shows examples of mitral regurgitation 
detected from either left sternal border or apical 
approaches. Fig. 5 illustrates the sensitivity, speci- 
ficity, and predictive values of Doppler in detecting 
mitral regurgitation. Angiographic evidence of 
mitral regurgitation was present in 32 out of 94 
patients. Table 1 lists the aetiologies of mitral 
regurgitation in these patients. The pulsed Doppler 
time interval histogram detected mitral regurgita- 
tion in 30 of the 32 patients (94%, sensitivity). 
Mitral regurgitation was absent by Doppler in 55 
out of 62 patients without angiographic evidence of 
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regurgitation (89% specificity). The predictive 
values for a positive and a negative Doppler 
examination were 85 per cent and 96 per cent, 
respectively, while the overall diagnostic accuracy 
was 90 per cent. Both false negative examinations 
occurred in patients with minimal (1+) angio- 
graphic mitral regurgitation. The seven false 
positive Doppler studies consisted of four patients 
with cardiomyopathy, and one each with aortic 
stenosis and left ventricular failure, mitral valve 
prolapse, and ventricular septal defect. None of the 
20 normal subjects had evidence of mitral regurgi- 
tation by Doppler. 


Table 1 Aetiology of mitral regurgitation in 32 patients 











Aetiology Angio MR PDE MR 
Rheumatic 13 12 
Prosthetic valve leak 7 6 
Myxomatous valve 5 
Cardiomyopathy 3 3 
Papillary muscle dysfunction 3 3 
Congenital defect 1 1 
"Total 32 30 





Angio, angiographic; MR, mitral regurgitation; PDE, pulsed 
Doppler echocardiography. 


Mitral regurgitation was detected from a single 
location in 19 patients and from multiple locations 
in ll patients. In patients having regurgitation 
noted from a single location, turbulence was 
detected only in the left atrium in two, behind the 
mitral valve with the transducer at the left sternal 
border in eight, and behind the mitral valve with 
the transducer placed at the apex in nine. Turbu- 
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lence was located in early systole in 10 patients, 
mid or late systole in six, and was holosystolic in 
14. No correlation (p > 0-05) was observed between 
duration or location of turbulence and angiographic 
severity of mitral regurgitation. 

The maximum amplitude of systolic turbulence 
was 15-9+1-0 mm (mean +standard error), 18-9 + 
1-9 mm, and 21:8+1-4mm in patients with 1+, 
2+, and 3+ mitral regurgitation, respectively. 
While a tendency for greater amplitude of turbu- 
lence to occur with increasing severity of mitral 
regurgitation was suggested, the overlap between 
individual values was such that only the comparison 
of 1+ versus 34- (15-9 versus 21:8 mm) achieved 
statistical significance at the 0-05 level. 


AORTIC REGURGITATION 

Fig. 4A illustrates an example of aortic regurgita- 
tion detected with the sample volume in the left 
ventricular outflow tract. Fig. 6 illustrates the 
sensitivity, specificity, and predictive values of 
pulsed Doppler in detecting aortic regurgitation. 
Angiographic evidence of aortic regurgitation was 
present in 69 out of 91 patients; the time interval 
histogram of the pulsed Doppler was positive in 
65 out of 69 patients (94% sensitivity). Aortic 
regurgitation was absent by Doppler in 18 out of 
22 patients without angiographic evidence of 
aortic regurgitation (82% specificity). The predic- 
tive value for a positive and negative Doppler 
examination was 94 per cent and 82 per cent, 
respectively; the overall diagnostic accuracy was 
91 per cent. The different aetiologies of aortic 
regurgitation are listed in Table 2. 
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The four false negative Doppler examinations 
occurred in patients with minimal (1+) angio- 
graphic aortic regurgitation. The four false positive 
Doppler studies consisted of three patients with 
rheumatic heart disease and evidence of aortic 
valve thickening by M-mode echocardiography, 
and one patient with a membranous ventricular 
septal defect, severe pulmonary hypertension, and 
significant right-to-left shunting. None of the 20 
normal subjects had evidence of aortic regurgitation 
by Doppler. 

Neither the duration nor the amplitude of 
diastolic turbulence in the left ventricular outflow 
tract correlated with the angiographic severity of 
aortic regurgitation. In contrast, the analogue of 
the time interval histogram “flow-velocity” curve 
recorded in the ascending aorta with the transducer 
in the suprasternal notch frequently demonstrated 
a negative diastolic component (Fig. 4B). The 
magnitude of negative deflection, measured as the 
percentage negative area in 54 of the 69 patients 
with aortic regurgitation, was found to relate 
significantly (p « 0:05) with the qualitative angio- 
graphic assessment of severity of regurgitation. As 
shown in Fig. 7, the percentage negative area was 
8-9+2-9 (mean+SEM) for patients with 1+, 
23-6442 for 2+, 35-745 for 3+, and 50:2 +65 
for 4+ aortic regurgitation. A 30 per cent or less 
negative area was noted in 26 out of 31 (84%) 
patients with 2+ or less aortic regurgitation, while 
a negative area greater than 30 per cent was present 
in 17 out of 23 (74%) patients with 3+ or more 
regurgitation. Thus, using a less or greater than 
30 per cent negative deflection to discriminate 
between mild (<2+-) and severe (23--) aortic 
regurgitation, the predictive value of the pulsed 
Doppler was 81 and 77 per cent, respectively, with 
a diagnostic accuracy of 80 per cent. 


Discussion 
Pulsed Doppler echocardiography allows assess- 


ment of intracardiac and aortic flow-velocity 


Table 2 Aetiology of aortic regurgitation in 69 patients 











Aetiology Angio AR PDE AR 
Rheumatic 36 32 
Calcific 12 12 
Prosthetic valve leak 10 10 
Dilated aortic root 6 6 
Endocarditis 2 2 
Congenital defect 2 2 
Myxomatous valve . 1 1 
"Total 69 65 





AR, aortic regurgitation; others as in Table 1. 
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Fig. 7 Scatter diagram illustrating the percentage 
negative area of the ascending aortic flow velocity curve 
in patients with aortic regurgitation when compared 
with angiographic severity. 


patterns not provided by standard M-mode echo- 
cardiography. The recent development of a graphic 
display of the frequency shifts of the reflected 
sound waves has made it possible to record and 
evaluate objectively flow-velocity patterns, even 
though an accurate measurement of flow velocity 
is'still not possible with the commercially available 
system. Despite this limitation, the results of this 
investigation demonstrate a high (90% and 91%) 
accuracy for this technique in detecting both mitral 
and aortic valvular regurgitation when angiography 
was used as the standard for comparison. The 
sensitivity for detection of either lesion was 94 per 
cent with all of the false negative cases having 
minimal regurgitation at angiography. The speci- 
ficity for mitral regurgitation was 89 per cent, with 
six of the seven false positive patients having either 
left ventricular dilatation with failure (five patients) 
or mitral valve prolapse (one patient), conditions 
in which mitral regurgitation may be present 
inconsistently. 


Doppler detection of aortic and mitral regurgitation 


The specificity for aortic regurgitation was 82 
per cent. Three of the four false positive cases had 
significant aortic valve thickening by echocardio- 
graphy, with varying degrees of stenosis observed 
during cardiac catheterisation. The fourth false 
positive case of aortic regurgitation had a mem- 
branous ventricular septal defect with pulmonary 
hypertension and a significant right-to-left shunt; 
presumably the diastolic turbulence detected in the 
left ventricular outflow tract originated from 
diastolic right-to-left shunting through the septal 
defect since the diastolic filling pressures in the 
right ventricle exceeded that in the left (35 versus 
8 mmHg). None of the 20 normal subjects tested 
had Doppler evidence of mitral regurgitation or 
aortic regurgitation. If these subjects are con- 
sidered as true negatives, the specificity of the 
technique for mitral and aortic regurgitation 
becomes 91 and 90 per cent, with an accuracy of 
92 and 93 per cent, respectively. These results are 
comparable to previous reports on detection of 
mitral and aortic regurgitation by pulsed Doppler 
echocardiography.? * The previous investigations, 
however, were solely dependent on the subjective 
interpretation of the audio output from the instru- 
ment by the technician performing the study while 
the present study relied on an objective interpreta- 
tion of the time interval histogram. 

Although the diagnosis of mitral or aortic regur- 
gitation in this investigation was made from an 
objective inspection of the time interval histogram, 
the technical skills of the operator remain an 
important factor in obtaining an optimal study. 
Detection of mitral regurgitation is a clear example 
of this. Mitral regurgitation was detected from a 
single location in 19 out of 30 patients, the left 
sternal border approach being no more sensitive 
than the apex (eight of 19 versus nine of 19); in 
the remaining 11 patients mitral regurgitation was 
detected from multiple locations. Thus, accurate 
recognition of left-sided valvular regurgitation at 
the time of the procedure requires use of a stand- 
ardised search procedure with placement of the 
sample volume visually guided by the compressed 
M-mode and aurally directed by the valve and flow 
sounds indigenous to the various chambers. In 
addition, appropriate recordings must be super- 
vised carefully by the technicians performing the 
study to ensure accurate reproduction of the aural 
findings. 

A potential limitation of the pulsed Doppler 
technique. may occur when clinical situations 
demand examination with the sample volume 
located a long distance from the transducer. This 
problem may be manifest when mitral regurgitation 
is sought from the cardiac apex. As Fig. 2 indicates, 
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the sample volume is near the distal limits of the 
range-gate when placed in the left atrium or 
immediately posterior to the mitral valve with the 
transducer at the apex. At these deeper sites within 
the heart, the pulse repetition frequency (range 
3500 to 10 000 pulses per second) must be dimini- 
shed to avoid ambiguous echoes, the net result being 
an increase in the minimum Doppler shift that can 
be detected. Theoretically, this might decrease the 
sensitivity for detection of mitral regurgitation 
since milder cases may not create sufficiently large 
Doppler shifts to be recognised. Despite this 
potential limitation, the sensitivity of pulsed 
Doppler for mitral regurgitation in this study was 
94 per cent and, interestingly, this lesion was 
detected solely through the apical approach in nine 
patients. 

The aetiological causes of mitral and aortic 
regurgitation in the present study were multiple 
and included the entire spectrum of valvular heart 
disease seen in adult cardiology. Both structural 
lesions (such as rheumatic, myxomatous, and 
calcific disease) as well as functional disturbances 
(such as left ventricular dilatation with papillary 
muscle dysfunction or ascending aortic aneurysms 
with loss of aortic valve support) were frequently 
observed. The accuracy of pulsed Doppler in 
detecting regurgitation was similar in each of these 
entities. Importantly, 17 patients had prosthetic 
valves with paravalvular leaks, including seven 
mitral and 10 aortic prosthetic valves, Of these 17 
patients, 16 or 94 per cent were accurately detected 
by pulsed Doppler when compared with angio- 
graphy ; the one false negative consisted of a patient 
with a mitral prosthesis and minimal regurgitation. 
Accurate assessment of patients with valvular 
prostheses represents an important contribution of 
pulsed Doppler echocardiography to the clinical 
evaluation of these patients since paraprosthetic 
leaks are frequently difficult to confirm by either 
physical examination or by standard M-mode 
echocardiography. 

Optimal determination of the severity of valvular 
regurgitation by Doppler analysis requires quanti- 
fication of regurgitant flow. The present instru- 
mentation, however, does not afford precise 
measurement of flow or velocity of flow. Neverthe- 
less, if the angle between sound and blood flow 
remains constant, changes in the area under the 
"flow-velocity" curve should reflect changes in 
flow. Using this basic assumptiony-a-comparison 
was made between the degree offeverse, or negative, 
diastolic flow in the ascendifíg:aorta (expressed as 
per cent negative area) a Boa /qualitative angjo- 
graphic assessment of the séverity of aortic regurgi- 


tation. Using 30 per cen ipegative area as the 








‘ 
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separation point, this simple measurement yielded 
an 81 per cent and 77 per cent predictive value for 
differentiating mild («:24-) versus severe (>3+) 
aortic regurgitation, respectively (Fig. 6). Angio- 
graphic measurements of regurgitant fractions were 
not made in these patients. It is conceivable that 
such a precise assessment of degree of regurgitation 
might even relate to the percentage negative area 
by. Doppler better than the qualitative assessment. 

Determination of severity of aortic regurgitation 
echocardiographically has relied primarily on 
evaluating the degree of the left ventricular dilata- 
tion and the “volume overload" pattern of wall 
motion, both of which are haemodynamic conse- 
quences rather than a true measurement of regurgi- 
tation; both are also dependent upon obtaining a 
high quality echocardiographic view of the left 
ventricle. Our experience has been that a pulsed 
Doppler ascending aorta flow-velocity curve can be 
recorded easily in the vast majority of patients 
regardless of the difficulty in obtaining an adequate 
image by standard M-mode techniques. The 
‘results presented herein suggest that analysis of 
this curve provides a direct index of aortic regurgi- 
tation. 

A rough correlation was observed in the present 
study between the qualitative angiographic assess- 
ment of severity of mitral regurgitation and the 
achieved maximal amplitude of turbulence detected 
be Doppler. Statistical significance (p<0-05), 
however, was achieved only for the comparison 
between l-4- and 3+ mitral regurgitation, and 
thus the application of this Doppler measurement 
to individual patients with mitral regurgitation is 
very limited. 

Future improvements in the instrumentation 
and signal processing of the data will further 
enhance the ability of this new non-invasive tech- 
nique to detect and quantify valvular regurgitation. 
The results of this investigation, however, indicate 
that in its present state, pulsed Doppler echo- 
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cardiography has become a useful clinical adjunct 
to the non-invasive evaluation of patients suspected 
of having left-sided valvular regurgitation. 
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Primary myxomatous degeneration of cardiac valves 
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SUMMARY Four hundred and ninety-nine surgically excised valves were examined for pathological evidence 
of myxomatous degeneration. Thirty-six valves (7%) had myxomatous degeneration as a major patho- 
logical finding. Fourteen valves (395) had significant myxomatous degeneration of the pars fibrosa, a 
finding which we define as primary myxomatous degeneration". Echocardiographic findings and cathe- 
terisation results were correlated with the clinical course, surgical results, and follow-up in these 14 
patients. Echocardiograms in 10 of the 11 patients who had them (91%) showed abnormalities 
suggesting the presence of primary myxomatous degeneration. Echocardiography was more helpful than 
angiography in diagnosis. The histological pattern of primary mitral myxomatous degeneration appears 
to be identical to that seen in patients with mitral valve prolapse and five of six patients with mitral 
lesions had echocardiographic evidence of prolapse. None of the patients with primary myxomatous 
degeneration of the aortic valve had syphilis or Marfan's syndrome. While the aetiology of primary 
myxomatous degeneration of cardiac valves is not known, a link to a more generalised disorder is 


suggested. 


Myxomatous degeneration of cardiac valves has 
aroused considerable interest.| 1? Evidence has 
accumulated to suggest that this is the predominant 
pathology in patients with mitral valve prolapse.1471? 
Myxomatous degeneration has been found in 
patients with isolated mitral regurgitation,’ 4 € 
aortic regurgitation, and combined mitral and 
aortic regurgitant lesions.! ? 

Much confusion surrounds the concept of 
myxomatous degeneration of cardiac valves. Some 
investigators maintain that it is the result of one 
specific disease process.* Others characterise it as a 
non-specific tissue response to a variety of factors.! 
Myxomatous degeneration has been considered a 
normal ageing change, an associated finding in 
congenital heart disease,! a response to syphilitic 
aortitis, and the result of rheumatic heart 
disease. 12 20 


*Presented in part at the 45th Annual Scientific Assembly of the 
American College of Chest Physicians, Houston, Texas, November 
1979. 
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Depending on the criteria used to define the 
entity and the population studied, the percentage 
of subjects with myxomatous degeneration of 
cardiac valves varies widely. If one accepts the view 
that this is the pathology causing mitral valve 
prolapse, 371? as many as 6 per cent of healthy 
adults and 9 to 16 per cent of patients undergoing 
valve replacement in the United States may have 
jt. 2512 

The clinical significance of myxomatous de- 
generation has been widely debated. Mitral valve 
prolapse has been linked to an increased incidence 
of arrhythmias, ** a higher risk of subacute 
bacterial endocarditis, and a greater chance of 
sudden  death.?9?" Patients whose regurgitant 
lesions are the result of myxomatous degeneration 
have been retrospectively found to have endocardial 
friction lesions,?? ruptured chordae tendineae,? !5 28 
a higher incidence of bacterial endocarditis,? and an 
increased risk of intraoperative complications.? ° 
The current study was undertaken to examine the 
clinical consequences of this pathological process. 
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Subjects and methods 


(a) PATIENTS 

Pathological data were reviewed from all patients 
who underwent replacement of one or more cardiac 
valves at the Peter Bent Brigham Hospital between 
1 January 1974 and 1 June 1977. Of the 499 patients 
in this category, 36 had myxomatous degeneration 
of their cardiac valves as a major pathological 
finding (8",). 


(b) PATHOLOGY 

Histological sections and macroscopic appearances 
of the cardiac valves from these 36 patients were 
reviewed in detail by one of us (MCF) who had no 
knowledge of the clinical findings. In this study, 
primary myxomatous degeneration was defined as 
degeneration of collagen of the pars fibrosa of the 
valve with basophilic staining in this region caused 
by the deposition of acid mucopolysaccharides 
(proven by special histochemical techniques), in the 
absence of severe calcification or fibrosis, and no 
macroscopic evidence of rheumatic valvular disease 
(shortening, fusion, and thickening of the chordae 
tendineae of atrioventricular valves or commissural 
fusion of semilunar valves) (Fig. 1). 

It is important to emphasise that the key patho- 
logical feature, the entity which we define as 
primary myxomatous degeneration, involves signifi- 
cant disruption of the pars fibrosa. While the amount 
of myxomatous material found in the pars spongiosa 
was also increased in our patients, this latter feature 
is a common pathological finding and may represent 
a non-specific response to ageing,'* or to a diverse 
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number of underlying pathological conditions 
ranging from rheumatic valvular disease to Marfan's 
syndrome.!'^ 

Fourteen patients were found to have primary 
myxomatous valvular degeneration by the criteria 
outlined above. Seven of these had undergone 
mitral valve replacement, six aortic valve replace- 
ment, and one replacement of both mitral and aortic 
valves. Of the remaining 22 patients with myxo- 
matous degeneration of their cardiac valves as a 
prominent finding, but without primary myxo- 
matous degeneration, 11 had degeneration secondary 
to rheumatic heart disease, three had "presumed" 
papillary muscle dysfunction, two showed congeni- 
tal malformations, one had calcific aortic stenosis, 
one had infective endocarditis, one had syphilitic 
aortitis, one had plasmacytic aortitis, and two were 
of uncertain cause. 


(c) ECHOCARDIOGRAPHY 

Echocardiograms were available on 11 of the 14 
patients with primary myxomatous degeneration. 
These studies were recorded on Irex or Smith-Kilne 
ultrasound equipment interfaced with Irex strip 
chart recorders and 2:25 megaHertz transducers. 
Echocardiograms were obtained using standard 
techniques, with the mitral valve, tricuspid valve 
and aortic root imaged in the usual fashion.** 
Echocardiograms in these patients with severe 
mitral regurgitation were examined independently 
by three experienced echocardiographers who were 
unaware of both clinical information regarding the 
patients and the echocardiographic interpretations 
of their colleagues. 





Fig. 1 


(A) Primary myxomatous degeneration. The valve is thin with a distinct increase in myxomatous ( M) 
tissue ( H. and E. « 48). ( B) Secondary myxomatous degeneration from a patient with rheumatic mitral valvular 
disease. There is pronounced thickening of the valve leaflet caused mainly by an increase in fibrous (F) tissue. 
There is only a focal area of myxomatous ( M) degeneration ( H. and E. X48). 
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(d) CATHETERISATION 

Cardiac catheterisation had been performed in 12 
patients. Angiograms were available for nine 
patients, with both a left ventricular angiogram and 
an aortogram in six cases, a left ventricular angio- 
gram alone in two cases, and an aortogram alone in 
one case. Haemodynamic data were analysed in these 
patients, and a scoring system was designed to 
characterise haemodynamic status as a function of 
left ventricular end-diastolic pressure, cardiac 
index, and estimated left ventricular wall motion. 
Ejection fraction could not be calculated in most 
instances because left ventricular images were 
too large to fit in their entirety on a cineangio- 
gram frame. Mitral and aortic regurgitation were 
graded from the left ventricular angiograms and 
aortograms in nine patients and from written reports 
in three patients. Grading was from 0 to 44 using 
standard angiographic criteria.?? 

To study the angiographic presence of mitral 
valve prolapse in five patients with mitral regurgita- 
tion in whom angiograms were available, the end- 
systolic left ventricular angiographic frame from the 
right anterior oblique projection was traced onto 
paper, with special attention paid to the outline of 
the mitral valve. These tracings, together with 
similar tracings of nine normal subjects, were 
graded as to the degree of mitral valve prolapse by 
three experienced angiographers in ignorance of 
the clinical data. Tracings were used instead of the 
actual angiograms to eliminate possible bias intro- 
duced by the presence of mitral regurgitation. 


Table 1 Clinical data: primary myxomatous degeneration 
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Results 


CLINICAL DATA 

Clinical data for the 14 patients are summarised in 
Table 1. The sex incidence was equal.Ages ranged 
from 29 to 73 years. All had had congestive cardiac 
failure for periods ranging from six months to six 
years. Ten of the 14 patients had experienced 
either a sudden onset or a distinct exacerbation of 
symptoms within the 10 months before surgery. 
All patients had significant murmurs of mitral and/ 
or aortic regurgitation. Systolic clicks, confirmed 
by phonocardiography, were noted in three in- 
stances. No patient had a Marfan habitus, ectopia 
lentis, or arachnodactyly. There was one probable 
case of infective endocarditis, though no organisms 
could be cultured from this patient’s valve. 


ECHOCARDIOGRAPHIC DATA 

Echocardiographic data are summarised in Table 2. 
Echocardiograms were performed in six of the seven 
patients with mitral regurgitation, four of the six 
patients with aortic regurgitation, and in the patient 
with disease of both valves. Left ventricular volume 
overload patterns compatible with mitral regurgita- 
tion were noted in all six patients with the mitral 


-valve lesion. Late systolic prolapse of the mitral 


valve, or bulging of the entire mitral valve apparatus 
toward the left atrium throughout systole was seen 
in five of these. Five, too (83%) also showed echoes 
diagnostic of ruptured chordae tendineae.À9 Two 
of the six, reported elsewhere,?? had dilatation of the 











Historical data Physical examination Laboratory data Follow-up 
Case Sex Age Congestive Chest Palpitation Subacute Clicks Murmurs — Electrocardiogram 
no. (y) heart pain bacterial 
failure endocarditis 
Mitral valve disease 
1 F 64 + + — — — MR 1? AV block Doing well 30 mth postop 
2 M 62 + — + — + MR AF, AMI Died 48 h postop 
3 M 46 + — + — — MR LVH, RVH Doing well 35 mth postop 
4 F 70 + + + — + MR 1? AV block Doing well 36 mth postop 
5 M 52 + + + — — MR AF,LVH Doing well 30 mth postop 
6 M 55 + + — — — MR,AR Afi, LVH, RVH Died 24 h postop 
7 M 57 + + — — — MR AF, LVH Doing well 26 mth postop 
Aortic valve disease 
8 F 29 + — — + — SEM, AR LAE, LVH Doing well 36 mth postop 
9 F 73 + — — — AR, MR Non-specific ST and Died 72 h postop 
T wave changes 
10 F 59 + + — = _ SEM, AR LVH Doing well 26 mth postop 
11 M 35 + — — — — SEM, AR LVH Doing well 36 mth postop 
12 F 65 + — — — — SEM, AR LVH Doing well 34 mth postop 
13 F 55 + + — + SEM, AR LVH Doing well 24 mth postop 
Aortic and mitral valve disease 
14 M 50 — — -— — AR, MR LAE, LVH Doing well 36 mth postop 





Abbreviations : AF, atrial fibrillation; AMI, anterior myocardial infarction; AR, aortic regurgitation; LAE, left atrial enlargement; LVH, left 
ventricular hypertrophy; MR, mitral regurgitation; A fl, atrial flutter; RVH, right ventricular hypertrophy; SEM, systolic ejection murmur. 


624 


aortic root and tricuspid valve prolapse in addition 
to mitral valve prolapse (Fig. 2). Three of the four 
patients with aortic valve myxomatous degeneration 
who had echocardiograms showed significant 
dilatation of the aortic root. In these three the 
aortic valve itself appeared normal though excursion 
was small in relation to the aortic root (Fig. 3). 
Additional abnormal aortic echoes were present in 
two of these patients, possibly representing leaflet 
redundance, but though mitral valve prolapse was 
not documented in any of them, tricuspid valve 
prolapse was seen in one patient. Echocardiography 
in the patient with disease of both valves showed 
only left ventricular volume overload and mitral 
valve fluttering secondary to aortic regurgitation. 
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about individual tracings (Fig. 4). In the five patients 
with aortic valve disease who had angiograms, 
dilated aortic root was shown in one patient, a 
dilated ascending aorta in another, and a type III 
dissecting aneurysm in a third. 


SURGICAL RESULTS " 
Surgical findings and complications are summarised 
in Table 3. Mitral valve replacement was performed 
in all seven patients with mitral valve disease. 
Ruptured chordae tendineae were confirmed in five 
instances, and a dilated mitral valve annulus was 
found in five patients. A “floppy” appearance of the 
mitral valve was noted in three patients. 

In four of the six patients with aortic valve disease, 


Table 2  Echocardiographic data: primary myxomatous degeneration 
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Case Aortic root Aortic Left atrium Right ventri- Mitral valve Interventricular Left ventricular. Left Left Tricuspid 
no. (cmim?) valve (cmm) cular diameter excursion (mm) septum post wall ventricule ventricule valve 
[nl « 2-2 cm] excursion [nl < 2-1 cm/m*] (cmim?) {nl=20-35 mm] thickness (mm) thickness (mm) Da (cim)? Da (cm)? excursion 
y {cm} [nl < 1-1 cmim] [nl=9-L1 mm} [nl=9~11 mm] 
Mitral valve disease 
1 21 31 25 13 13 47 22 
2 -18 19 3-6 22 35 10 12 68 46 Prolapse 
4 18 1:7 40 38 9 10 70 48 Normal 
5 19 20 3-7 13 28 à 9 9 Ti 60 Normal 
6 23 18 32 0:9 30 10 li 85 59 Normal 
7 21 23 2:9 15 33 12 11 59 3-0 Prolapse 
Aortic valve disease 
8 19 21 22 0-9 12 9 11 5-5 34 Normal 
11 25 2:6 60 24 10 12 82 62 Normal 
i2 25 r3 2:0 70 12 12 il 68 42 Normal 
13 27 r6 24 10 22 16 8 65 45 Normal 
Aortic and mitral valve disease 
14 3-6 10 6:8 3-9 





Abbreviations: Da, diastolic diameter, Ds, systolic diameter. 
Note: No echocardiogram was done in cases 3, 9, and 10. 


CATHETERISATION DATA 

Cardiac catheterisation was performed in six of the 
seven patients with primary myxomatous degenera- 
tion of the mitral valve and in five of the six patients 
with degeneration of the aortic valve. Significant 
angiographic valvular regurgitation was shown in 
all of these patients. Left ventricular function varied 
considerably, with no discernible pattern; in two 
patients it was good,.in five modestly depressed, 
and in four severely compromised. Angiograms 
from five of the six patients with mitral valve disease 
were available for study of mitral valve prolapse 
by our three observers using tracings of the valve. 
Prolapse was judged to be present in only five of 15 
possible observations (3395), but in no instance was 
there unanimous agreement among the observers 


valve replacement alone was performed, while in 
two patients repair of an aortic aneurysm was also 
carried out. Several types of macroscopic valvular 
pathology were noted. Three patients had thin 
aortic leaflets and one patient had evidence of cusp 
destruction consistent with infective endocarditis. 

Serious operative complications occurred in three 
patients: two experienced hypotension unresponsive 
to pressors and balloon counterpulsation (both 
dying within 48 hours of surgery), a third suffered a 
cerebrovascular accident of the right hemisphere, 
and haemostasis could not be achieved in a fourth 
who died 72 hours after operation. 


PATHOLOGICAL FINDINGS 
All excised valves fulfilled the criteria for primary 
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myxomatous degeneration described above. On 
macroscopic examination, no valve showed com- 
missural fusion. One mitral valve had focal chordal 
fusion, but the diffuse chordal abnormalities 
chacteristic of rheumatic valvular disease?? were not 
present. Superimposed infective endocarditis was 
seen in one aortic valve. On microscopical examina- 
tion, all valves showed prominent and uniform 
myxomatous degeneration of the pars fibrosa 
(Fig. 1). Some degree of fibrosis without calcifica- 
tion was present in all valves. 


FOLLOW-UP 
Patients surviving operation have done well post- 
operatively (see Table 1). Follow-up periods have 


ew"... Ss 
Comments 





Typical ruptured chordae tendineae 

Typical ruptured chordae tendineae; dilated aortic root; mitral valve 
prolapse throughout systole; tricuspid valve prolapse 

Typical ruptured chordae tendineae; mitral valve prolapse 

Mitral valve prolapse throughout systole; left ventricular dysfunction 
(PEP/ET =0-87) 


Typical ruptured chordae tendineae; mitral valve prolapse throughout 


systole 


Typical ruptured chordae tendineae; aortic root dilatation; mitral valve 


prolapse; tricuspid valve prolapse 
Diastolic aortic valve gap; tricuspid valve prolapse 
Aortic root enlarged 
Aortic root enlarged 
Aortic root enlarged 


^ Mitral valve flutter secondary to aortic regurgitation 





ranged from 24 to 36 months (mean —31-7) with all 
patients free from major complications or symptoms 


of congestive cardiac failure. 
Discussion 


PATHOLOGY OF MYXOMATOUS 
DEGENERATION 


Considerable confusion surrounds the concept of 
myxomatous degeneration of cardiac valves and its 
relation to various disease states, in part arising 
from failure adequately to define myxomatous de- 
generation. General agreement exists on the histo- 
logical pattern described by Sherman er ai.® that 
*Myxomatous transformation is pathologically 
characterised by disruption and loss of normal 
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valvular architecture accompanied by an increase 
in ground substance with no appreciable inflam- 
matory reaction". Biochemical studies have shown 
that the abnormally increased ground substance in 
myxomatous degeneration is an acid mucopoly- 
saccharide.” 34 

Numerous conditions. including ageing,!° rheu- 
matic heart disease,! and Marfan’s syndrome, have 
been associated with some degree of valvular 
myxomatous degeneration. As reported in the 
present study, primary myxomatous degeneration 
can be distinguished from these entities by histo- 
logical criteria. The reported histological findings 
in the few valves excised from patients with mitral 
valve prolapse*4 18 1? appear to be identical to those 
of our patients with primary myxomatous degenera- 
tion. ; 

Early investigations of myxomatous degeneration 
of the aortic valve linked this pathological entity to 
more generalised connective tissue disorders and 
suggested that it might be an arrested form of 
Marfan’s syndrome.* Several subsequent studies 
failed to corroborate this! ? and none of our patients 
had features of Marfan’s syndrome. The condition 
is said to be commoner in men, but five of our 
six patients were women. 

The other underlying conditions in secondary 
as well as in primary myxomatous degeneration 
which are possible causes of myxomatous degenera- 
tion were not found in our study.!^ Our data sup- 
port the observations of Pomerance!? and Roberts 
and Virmani?? that primary myxomatous degenera- 
tion can be distinguished from that secondary to 
rheumatic heart disease. No patient had positive 
serology for syphilis, and none had congenital 
abnormalities. The average age of our patients was 
relatively low (55 years) Nevertheless, while no 
specific underlying aetiology was found, the presence 
of tricuspid and aortic valve prolapse in addition to 
mitral valve prolapse in two of our patients (14%) 
and the presence of aortic aneurysms or aortic 
annular dilatation in three patients (21%) raise the 
possibility of a more generalised disorder. 


INCIDENCE AND CLINICAL RELEVANCE OF 
PRIMARY MYXOMATOUS DEGENERATION 
Previous studies have offered very different esti- 
mates of the incidence of myxomatous degeneration 
of cardiac valves.! ? ?? These differences may be in 
part the result of the problems of definition already 
mentioned. A small degree of myxomatous 
degeneration is probably present in most cardiac 
valves, and may represent a non-specific change 
on ageing?? or a response to normal] haemodynamic 
stress.!? If the criteria outlined above for the 
diagnosis of primary myxomatous degeneration are 
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insisted upon, the incidence appears quite low—in 
our study 3 per cent (14/499). 

The relation between primary myxomatous 
degeneration and mitral valve prolapse remains a 
significant and largely unanswered question. In- 
terestingly, five of our six patients with primary 
myxomatous degeneration of the mitral valve had 
preoperative echocardiographic evidence of mitral 
valve prolapse. Whether the converse is always true 
is uncertain. 

It has been argued that patients with primary 
valvular myxomatous degeneration show rapid 


Fig. 2 
and dilatation of the aortic root (case 2). (A 
the apex. The mitral valve 
of the prolapsing valve components. The left atrium 
ventricle (RV). There is a pericardial effusion (PE 
root. (B) Echocardiographic sweep 

Aa) to the mitral valve 





continuous recording) from the tricuspid valve 
MV). There is an increased excursion of the anterior (AL) and septal leaflets 


clinical deterioration once symptoms appear, have 
more complications at operation, and do less well 
after it than patients who have valvular regurgitation 
of other kinds.* * Preoperative catheterisation studies 
in our patients showed a wide range of ventricular 
function and symptoms that had been present for 
anything from months to years. The rapidity of 
clinical deterioration is difficult to assess, since 
many of our patients were referrals from other 
institutions, but it is our impression that this was 
no greater in general than expected. Most of our 
patients with mitral regurgitation had experienced 


Pt sd: ve 


Patient with primary myxomatous degeneration of the mitral valve, mitral and tricuspid valve prolapse, 
Echocardiographic “sweep” of the left ventricle from the base toward 
MV) shows pronounced systolic prolapse (unlabelled arrows) and hypermobility 

LA) is much enlarged as is the left ventricle 
seen posteriorly. PW, posterior wall; S, septum; Ao, aortic 


LV) and right 


TV) through the aortic root 
SL) as 


well as systolic prolapse of both anterior and septal leaflets. A hypermobile portion of the mitral valve (unlabelled 
arrow) is also seen prolapsing back towards the left atrium (LA) as in (A 
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an acute onset of symptoms, a finding consistent 
with the high incidence of ruptured chordae 
tendineae in them. 

Complications at operation are difficult to assess. 
In one of our 14 patients (7",,) bleeding was hard to 
control, a non-specific finding. There were no 
instances of dissection at clamp sites or of valvular 
dehiscence, problems previously reported in patients 
with primary valvular myxomatous degeneration." 
Prognosis remains in question. At first glance, the 
perioperative mortality rate of 21 per cent (three 
deaths in 14 patients) in our patients appears 
alarmingly high, particularly as the current mor- 


Table 3 Surgical data: severe myxomatous degeneration 
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Fig. 3 Patient with primary 
myxomatous degeneration of the 
aortic valve. (A) Echocardiogram 
of the aortic root ( Ao), aortic 
valve (AV), and left atrium 
(LA). There ts prominent high 
frequency vibration (vib) of the 
aortic leaflets. 

( B) Echocardiogram of the 
mitral valve and base of the left 
ventricle. The mitral valve (MV) 
shows diastolic fluttering | fl.) 

of aortic regurgitation. PW, 
posterior wall; S, septum. 


tality rate for valvular replacement at our hospital 
is less than 5 per cent, but two of the patients who 
died had severely compromised ventricular function 
before operation and the third patient had a dis- 
secting aortic anaeurysm. Follow-up in the ll 
remaining patients for periods ranging from 24 to 36 
months suggests a generally favourable course. 


PREDICTIVE VALUE OF ECHOCARDIOGRAPHY 
AND ANGIOGRAPHY IN PRIMARY 
MYXOMATOUS DEGENERATION 


In previous studies of primary myxomatous 





Case Procedure 


no. 


Operative findings 


Mitral valve disease 
1 MVR 31 mm porcine 
2 MYR 35 mm porcine 


RCT ant, leaflet MV 


pericardial adhesions 
3 MVR 33 mm porcine 
4 MVR large ball valve 
MV annulus 
5 MVR 35 mm porcine Very dilated MV annulus 
6 MVR 35 mm porcine 


Aortic valve disease 


RCT; "floppy" MV; dilated MV annulus; 


"Floppy" MV; RCT anterior leaflet MV 
"Floppy" MV; 3 RCT post leaflet MV; dilated 


RCT; massively dilated MV annulus 


Complications 


R hemisphere CVA 
Hypotension, ? bleeding; died 48 hours postop 


None 
Hypotension responsive to pressors 


None 
Hypotension; died 24 hours postop 


8 AVR Severe destruction of AV caused by SBE None 
9 AVR; replace ascending aorta "Floppy" AV; aneurysm of ascending and Intraoperative oozing; died 72 hours postop 
descending aorta LV rupture 

10 AVR 23 mm porcine “Floppy " AV Nonc 

11 AVR 27 mm porcine AV leaflets heavily rolled with central orifice None 

12 AVR 23 mm porcine; replace Ancurysm of ascending aorta; stretched aortic None 

ascending aorta annulus 

13 AVR 21 Biérk-Shiley "Floppy" AV None 

14 AVR "Floppy" AV; dilated ascending aorta None 

Aortic and mitral valve disease 

15 AVR 27 mm porcine "Floppy" AV and MV None 


MVR 33 mm porcine 





Abbreviations: AV, aortic valve; AVR, aortic valve replacement; C 





A, cerebrovascular accident; MV, mitral valve; MVR, mitral valve 


replacement; RCT, ruptured chordac tendineac, SBE, subacute bacterial endocarditis 
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degeneration, no echocardiographic data have been 
reported. 

Eleven of our patients had echocardiograms and 
in 10 of them the diagnosis of primary myxomatous 
degeneration was suggested by this examination. 
Echocardiograms were particularly helpful in 
degeneration of the mitral valve where prolapse 
and/or a pattern suggesting ruptured chordae 
tendineae were shown in all patients. In patients 
with degeneration of the aortic valve, dilatation of 
the aortic root was a common, helpful finding. 

In contrast, catheterisation data were less helpful. 


While regurgitant lesions were shown in all 13" 


patients, no specific haemodynamic or angiographic 
pattern emerged for patients with mitral regurgita- 
tion, though three of those with aortic regurgitation 


ANGIOGRAPHIC SILHOUETTES OF THE MITRAL VALVE 


PATIENTS WITH MYXOMATOUS 
DEGENERATION 
OF THE MITRAL VALVE 


d 
EN 
"ees 
OON 
RES 


Fig. 4 Angiographic silhouettes of the mitral valve. 
Tracings were taken from the end-systolic left ventricular 
angiographic frame in the RAO projection. Tracings 
from the five patients with myxomatous degeneration 

of the mitral valve who had cardiac catheterisation are 
on the left. Tracings of five normal controls used for 
comparison are on the right. 
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had an aneurysm or root dilatation. 

For years, the relative merits of echocardiography 
versus angiography in documenting mitral valve 
prolapse have been debated.**-*° In our patients, 
all with pathologically proven primary myxomatous 
degeneration, a pure form of the pathology thought. 
to underly mitral valve prolapse, echocardiography 
was diagnostic in 83 per cent of cases, with 100 per 
cent observer agreement, but angiography, in 
contrast, showed mitral valve prolapse in only 33 
per cent of frames studied and observer agreement 
was not unanimous. 


Conclusion 


Using the criteria defined in this study, primary 
myxomatous degeneration was an infrequent 
pathological finding in 499 valves replaced for 
aortic or mitral regurgitation, occurring in approxi- 
mately 3 per cent. It can usually be distinguished 
pathologically from rheumatic and other forms of 
valvular disease. Its aetiology is unknown. Previous 
suggestions that it may be secondary to syphilitic 
aortitis, congenital heart disease, or Marfan’s 
syndrome were not confirmed, but the presence of 
other cardiac abnormalities in a high percentage of 
the patients suggests that it may be part of some 
more generalised disorder. The pathological findings 
of primary myxomatous degeneration are indentical 
to those seen in patients with clinical mitral valve 
prolapse. Valve replacement may carry a. higher 


. than normal mortality (21% of our patients died) 


though the small number of patients and the 
presence of other clinical complications make this. 
uncertain. Nevertheless, the possibility, which: 
previous reports have also suggested underlines the 
importance of making the diagnosis preoperatively. 

Echocardiography appears to be more useful than 


angiography in diagnosis. e 
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Incidence of coronary artery disease in patients 
with valvular heart disease 


G W MORRISON,* R D THOMAS,T S F M GRIMMER, P N SILVERTON,¢ 
D R SMITH 


From the Department of Cardiology. The General Infirmary, Leeds 


SUMMARY The case notes, cardiac catheterisation data, and coronary arteriograms of 239 patients 
investigated for valvular heart disease during a five year period were reviewed. Angina was present in 
13 of 95 patients with isolated mitral valve disease, 43 of 90 patients with isolated aortic valve disease, 
and 18 of 54 patients with combined mitral and aortic valve disease. Significant coronary artery disease was 
present in 85 per cent of patients with mitral valve disease and angina, but in only 33 per cent of patients 
with aortic valve disease and angina. Patients with no chest pain still had a high incidence of coronary 
artery disease, significant coronary obstruction being present in 22 per cent with mitral valve 
disease, 22 per cent with aortic valve disease, and 11 per cent with combined mitral and aortic valve 
disease. Several possible clinical markers of coronary artery disease were examined but none was found 
to be of practical help. There was, however, a significant inverse relation between severity of coronary 


_ artery disease and severity of valve disease in patients with aortic valve disease. 
Asymptomatic coronary'artery disease is not uncommon in patients with valvular heart disease and if 
it is policy to perform coronary artery bypass grafting in such patients, routine coronary arteriography 


must be part of the preoperative investigation. 


Angina occurs commonly in valvular heart dis- 
easet! but does not necessarily signify the presence 
of coronary artery disease," 8 This is particularly 
true in patients with aortic valve disease!-5; 
it also applies in those with mitral valve disease. 
In addition, there are some patients without 
angina who still have significant coronary obstruc- 
tion. 3-1? In patients being considered for valve 
surgery it is generally accepted that the presence 
of angina is an indication for coronary arteriography 
as part of the preoperative investigations.! 911715 
Much less is known of the need for routine coronary 
arteriography in patients without angina. Patients 
with coronary artery disease do less well after 
surgery,!! 3-1? and this has led to increasing 
interest in the possibility of treating coronary 
artery disease at the time of valve surgery. During 
the past five years it has been our policy to perform 
routine coronary arteriography on patients aged 45 
years or more as part of the preoperative investiga- 
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tion, and coronary artery bypass grafting is per- 
formed for significant lesions whenever feasible, 
even when angina is absent. We have performed a 
retrospective study of these patients in order to 
answer three main questions. First, what is the 
incidence of significant coronary artery disease in 
patients with valve disease with and without angina? 
Second, are there any clinical features predictive of 
such disease? Third, how often are such lesions 
amenable to surgical correction? 


Methods 


We reviewed the case notes of all adult patients who 
underwent coronary arteriography as part of the 
preoperative cardiac catheterisation for valvular 
heart disease during the period 1 January 1975 to 
31 December 1979. Patients with valvular heart 
disease resulting directly from ischaemic heart 
disease (for example papillary muscle dysfunction) 
were excluded. A note was made of each patient's 
age, sex, and smoking history. The clinical history 
was examined for evidence of angina pectoris. 
Episodes of typical anterior chest pain, with or with- 
out radiation, precipitated by exertion and relieved 
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by rest or an oral nitrate, were regarded as “typical 
angina”. In addition, there were some patients who 
had chest pain with some, but not all, of these 
features, and these were classified as ‘‘atypical chest 
pain". Patients without pain were classified as “no 
chest pain". A record was made of any past cardiac 
ischaemic events and past or current drug treatment. 
'The electrocardiogram was examined for rhythm, 
evidence of cardiac ischaemia, and previous myo- 
cardial infarction. Heart size was assessed by the 
radiological cardiothoracic ratio. 

The data obtained at cardiac catheterisation were 
reviewed. Pulmonary hypertension was indicated by 
a pulmonary artery mean pressure greater than 
20 mmHg. Left ventricular end-diastolic pressure 
was measured directly. Mitral valve gradients were 
measured indirectly between pulmonary artery 
mean wedge pressure and left ventricular end- 
diastolic pressure. Aortic valve gradients were 
measured by withdrawal from left ventricle to 
aorta. Pressures were measured at rest using 
Statham (P23 Gp) strain gauges recording on an 
ultraviolet light recorder. The zero reference point 
was 10 cm above the level of the catheter table. The 
severity of valve obstruction was graded on a 
simple scale, from 0 to 4, according to the gradient 
at rest. For mitral stenosis: 0—no gradient; 1 —1 to 
4mmHg; 2—5 to 10 mmHg; 3—11 to 19 mmHg; 
4-more than 20mmHg. For aortic stenosis: 
O=no gradient; 1—1 to 34 mmHg; 2—235 to 49 
mmHg; 3—50 to 74mmHg; 4=more than 75 
mmHg. Haemodynamically significant" valve 
obstruction was arbitrarily defined as grade 3 or 4. 
The severity of mitral or aortic valve regurgitation 
was assessed from the left ventricular or aortic root 
cine angiogram and graded on a simple scale from 
0 to 4 according to the criteria of Yang et al.18 
Haemodynamically “significant” regurgitation was 
said to be present with a grade of 3 or 4. The overall 
severity of valvular disease was assessed by summing 
all the grades of stenosis and regurgitation, this then 
being called the valve score. On the basis of the data 
obtained from cardiac catheterisation and angio- 
graphy the patients were assigned to one of three 
groups, depending upon the presence of “‘signi- 
ficant" disease as defined above: isolated mitral 
valve disease; isolated aortic valve disease; combined 
mitral and aortic valve disease. 

Left ventricular function was assessed from the 
ejection fraction, calculated from the left ventricular 
volumes obtained from single plane right anterior 


oblique ventriculography.!? Coronary arteriography 


was performed by the Judkins or Sones technique. 
Both coronary arteries were injected in at least three 
projections using magnified images. The arterio- 
grams were analysed by a cardiac radiologist and at 
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least one other experienced operator. In the case of 
borderline lesions, or a disparity in reporting, a 

third opinion was obtained. All reporting was done 

without clinical knowledge of the patient. The 

severity of coronary artery stenosis was assessed 

as the maximum percentage reduction in luminal 

diameter, seen in any one of at least three different 

projections, as compared with the diameter of the 

vessel proximal to the obstruction. The severity of 
each lesion was graded on a simple scale from 0 to 4 

as follows: 0—no obstruction; 1 —1 to 49 per cent; 

2 —50 to 69 per cent; 3—70 to 99 per cent; 4—total 

occlusion. Obstructions of grade 2 or more were 

said to be “significant”. The maximum narrowings 

on five major vessels’ branches were assessed. The 

left main stem; left anterior descending; circumflex; 

obtuse marginal (large lateral) branch of the 

circumflex; and right coronary arteries were 

chosen because of their surgical importance in 

coronary artery bypass grafting. Major vessel: 
disease was assessed as zero, single, double, or 

triple, and the overall severity of coronary artery 

disease was estimated by summing the grades of 

stenosis in the five vessel branches listed above. This 

total was called the coronary score. 

Finally the decision made at the time of investiga- 
tion regarding surgery was recorded and the opera- 
tion notes examined to obtain details of the pro- 
cedure performed. 

The significance of differences between groups 
was tested using Student's t test for unpaired data 
or x? as appropriate. The significance of correla- 
tions was tested by linear regression analysis. 


Results 


During the study period, 239 patients with valvular 
heart disease underwent routine coronary arterio- 
graphy as part of their preoperative cardiac cathe- 
terisation. Isolated mitral valve disease was present 
in 95 (40%) with isolated stenosis in 35 and isolated 
regurgitation in 10, the remaining 50 having mixed 
lesions. Isolated aortic valve disease was present in 
90 (38%) with isolated stenosis in 37, isolated 
regurgitation in 28, and mixed lesions in 25. T'here 
were 54 (23%) patients with combined mitral and 
aortic valve disease. A few patients also had tricuspid 
valve disease but the severity of this was not as- 
sessed. The average age of the patients was 51-0 -+ 
8-7 years ( SD), with no differences between the 
valve groups. There were 117 men and 122 women. 
Typical angina was present in 74 (31%) patients, 
atypical chest pain in 34 (14%), and no chest pain 
in 131 (65%). Coronary arteriography was therefore 
performed as a routine screening procedure in more 
than half the patients. 
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Table 1 Relation between angina and coronary artery disease in 239 patients being investigated for valvular 


heart disease 





No. (%) of patients with coronary lesions 


Nature of chest pain No. of 
patients No significant disease 
No 1 to 49% 
trregularity occlusion 
Angina 74 29 (39) 12 (16) 
Atypical chest pain 34 16 (47) 8 (24) 
No chest pain 131 64 (49) 41 31) 


Significant disease 


Total Single Double Triple Total 
vessel vessel vessel 
41 (55) 173) 11015 53. (7) 33 (45) 
24 (71) 6 (18) 0 (0) 4 (12) 10 (29) 
105 (80) 13 (10) 7 (5) 6 (5) 26 (20) 





Coronary arteriography disclosed at least one 
major vessel with significant narrowing in 69 (29%) 
patients, but in 109 (46%) there was not even 
minimal irregularity. Details of the relation between 
the incidence of angina and the incidence of 
coronary artery disease overall are given in Table 1. 
Significant coronary lesions were present in 33 of 74 
(45%) patients with angina and in 26 of 131 (20%) 
patients with no chest pain. On the other hand, in 26 
of 69 (38%) patients with significant coronary 
artery obstruction there was no clinical suspicion of 
angina. The distribution of lesions in the five major 
vessel branches examined is shown in Table 2. 
In the next part of the study the relation between 
chest pain and coronary artery disease in each of the 
three valve groups was examined. 


ISOLATED MITRAL VALVE DISEASE (Table 3) 
Typical angina was present in 13 (14%) patients of 
whom 11 (85%) had significant coronary lesions, 
four having triple vessel disease. Of the 63 (66%) 
patients with no chest pain, 14 (22%) had significant 
coronary lesions, four with triple vessel disease. Of 
the 35 patients with isolated mitral stenosis, only 
three (995) had angina and all of these had significant 
coronary lesions. Of the 22 (63%) patients with 
isolated stenosis and no chest pain, five (23%) 
proved to have significant coronary disease. 


ISOLATED AORTIC VALVE DISEASE (Table 3) 
Typical angina was present in 43 (48%) patients 
of whom 14 (33%) had significant coronary lesions, 
one with triple vessel disease. Of the 41 (46%) 
patients with no chest pain, nine (22%) had signi- 
ficant coronary lesions, two with triple vessel 
disease. Of the 37 patients with isolated aortic 
stenosis, angina was present in 23 (62%) of whom 
nine (3995) had significant coronary artery disease. 
Twelve (32%) of the patients with isolated aortic 
stenosis had no chest pain but three (25%) had 
significant coronary lesions. 


COMBINED MITRAL AND AORTIC VALVE 
DISEASE (Table 3) 

Typical angina was present in 18 (33%) patients 
of whom eight (4495) had significant coronary 
lesions, but none with triple vessel disease. Of the 
27 (50%) patients with no chest pain, three (11%) 
had significant coronary lesions, none with triple 
vessel disease. 

In all three groups angina was therefore more 
likely to be associated with significant coronary 
artery disease than when chest pain was absent. 
Only in patients with isolated mitral valve disease, 
however, was angina a very good marker of signi- 
ficant coronary obstruction. Other factors were 
therefore examined which might possibly help to 
identify patients with coronary artery disease. 


Table 2 Distribution and severity of coronary artery disease in 239 patients being investigated for valvular 


heart disease 





Maximum per cent 
reduction in luminal 


No. (%) of patients with coronary artery lesions 





diameter Left main stem Left anterior Circumflex coronary Obtuse marginal* Right coronary artery 
descending coronary artery 
artery 
0 227 (95) 161 (67) 178 (75) 206 (86) 148 (62) 
1-49 10 (4) 36 (15) 34 (14) 14 (6) 57 (24) 
50-69 2 (1) 20 (8) 13 (5) 3 (1) 14 (6) 
70-99 0 (0) 20 (8) 13 (5) 16 (7) 15 (6) 
100 0 (0) 2(D 1(05) 0 (0) 5 (2) 





*Or large lateral branch of the circumflex. 
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NATURE OF VALVE LESION 

The mean (X SEM) coronary scores for each 
valve group were as follows: isolated mitral valve 
disease —2-:82 +0-37, isolated aortic valve disease 
=1-78 +0-26, combined mitral and aortic valve 
disease —1:45 -F0-27. The severity of coronary 
artery disease was therefore greater in patients with 
mitral valve disease than with aortic valve disease 
(p«0-05) or combined aortic and mitral valve 
disease (p«0-01), there being no difference be- 
tween the two latter. 


SEVERITY OF VALVULAR DISEASE 

The mean (+SEM) valve scores for each group 
were as follows: isolated mitral valve disease— 
4-17 +021, isolated aortic valve disease—3 84 + 
0:21, combined mitral and aortic valve disease = 
6:88 .-0-28. There was no significant difference 
between mitral and aortic valve disease, but, by 
virtue of having two valves affected, patients with 
combined mitral and aortic valve disease had higher 
scores (p<0-001). Because the group with the 
highest mean valve score (the combined group) had 
both the lowest incidence and also the lowest overall 
severity of coronary artery disease (mean coronary 
Score), it was decided to study the relation between 
these factors in more detail. In each group there was 
a negative relation between valve score and coronary 
score but this was of statistical significance only in 
patients with isolated aortic valve disease (p « 0-05). 


PRESENCE OF ANGINA 

As shown above, angina was not a good marker of 
the presence of significant coronary lesions. It was 
least good in patients with isolated aortic stenosis 
and best in isolated mitral stenosis. The mean 
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(+SEM) coronary scores for those patients with 
angina were compared with those having no chest 
pain in each valve group. Though patients with 
angina tended to have higher mean coronary scores 
(X SEM), this was only significant for patients with 
isolated mitral valve disease (angina —5-9 +1-2, no 
chest pain —2:0 4-0:3; p « 0-001). 


AGE 

In all three groups coronary scores tended to in- 
crease with age and the correlation was significant 
for patients with isolated mitral valve disease 
(p<0-01) and combined mitral and aortic valve 
disease (p « 0-025). Though patients aged below 45 
years did not have routine coronary arteriography 
it was performed in 41. The indication for this was 
the presence of angina in 13 of whom three had 
significant coronary obstruction. None of the 23 
patients with no chest pain had significant coronary 
lesions. 


SMOKING 

Of the 239 patients, 129 (54%) were habitual 
cigarette smokers. Though smokers tended to have 
significant coronary lesions more frequently, and 
higher mean coronary scores (+:SEM), the dif- 


. ferences did not reach levels of statistical significance 


(mean coronary score for smokers 2-31 +0-26, for 
non-smokers 1-84 +028; p « 0-1). 


SEX 

The mean (SEM) coronary score for men tended 
to be higher than for women but the differences 
were only of statistical significance for isolated 
mitral valve disease (men=4:27+0-72, women == 
2:22 0-42; p « 0-02). 


Table 3 Relation between angina and coronary artery disease in patients with isolated mitral valve disease, 
isolated aortic valve disease, and combined mitral and aortic valve disease 





No. (96) of patients with coronary artery lesions 


Nature of chest pain No. of patients 


No significant disease 


No 1 to 49% 


Significant disease 


Total Single Double Triple Total 


irregularity occlusions 


Tso.ated mitral valve disease 








vessel 


vessel 


vessel 


Angina 13 1 (8) 1 (8) 2 (15) 5 (38) 2 (15) 4 (31) 11 (85) 

Atypical chest pain 19 11 (58) 2 (11) 13 (68) 2 (11) 0 (0) 4 (21) 6 (32) 

No chest pain 63 23 (37) 26 (41) 49 (78) 7 1D 3(5) 4 (6) 14 (22) 
Isolated aortic valve disease 

Angina 43 20 (47) 9 (21) 29 (67) 6 (14) 7 (16) 1 (2) 14 (33) 

Atypical chest pain 6 2 (33) 2 (33) 4 (67) 2 (33) 0 (0) 0 (0) 2 (33) 

No chest pain 41 27 (66) 5 (12) 32 (78) 5 (12) 2 (5) 2 (5) 9 (22) 
Combined mitral and aortic valve disease 

Angina 18 8 (44) 2 (11) 10 (56) 6 (33) 2 (11) 0 (0) 8 (44) 

Atypical chest pain 9 3 (33) 4 (44) 7 (78) 2 (22) 0 (0) 0 (0) 2 (22) 

No chest pain 27 14 (52) 10 (37) 24 (89) 1 (4) 2 (7) 0 (0) 31) 
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LEFT VENTRICULAR END-DIASTOLIC 
PRESSURE, CARDIOTHORACIC RATIO, 
EJECTION FRACTION, MEAN PULMONARY 
ARTERY PRESSURE 

The relations between coronary score, and left 
ventricular end-diastolic pressure, cardiothoracic 
ratio, ejection fraction, and mean pulmonary artery 
pressure were small and inconsistent. Furthermore, 
there were no significant differences between 
patients with coronary scores greater than 6 and 
those with no coronary lesions. Nor were there any 
differences in the incidence of angina or coronary 
artery disease between those patients with and with- 
out pulmonary hypertension, but mean pulmonary 
artery pressure was usually only mildly increased 
and only 10 patients had levels more than 50 mmHg. 


MULTIPLE REGRESSION ANALYSIS OF 
FACTORS PREDICTIVE OF CORONARY SCORE 
As many of the factors described above are likely 
to be interrelated a multiple regression analysis was 
performed to identify which were independently 
predictive of the coronary score. In patients with 
isolated mitral valve disease, age in the presence of 
angina was predictive (p<0-005), and age in 
patients with combined mitral and aortic valve 
disease (p <0-025). None of the factors was pre- 
dictive in patients with isolated aortic valve disease. 


SURGICAL MANAGEMENT 

Isolated mitral valve disease 

Seventy-one patients had valve surgery. Significant 
coronary obstruction was present in 18 (25%) but 
the vessels were angiographically suitable for 
coronary artery bypass grafts in only 14. Eventually 
18 grafts were performed in 13 patients. Coronary 
artery surgery was performed in seven (11%) of the 
original 63 patients with isolated mitral valve 
disease but no chest pain, representing 13 per cent 
of such patients coming to surgery. 


Isolated aortic valve disease 

Sixty-nine patients had valve surgery. Significant 
coronary obstructions were present in 21 (30%) 
and the vessels were angiographically suitable for 
coronary artery bypass grafts in 20 (29%). Eventu- 
ally 30 grafts were performed in the 20 patients. 
Coronary artery surgery was performed in three 
(7%) of the original 41 patients with isolated 
aortic valve disease and no chest pain, representing 
10 per cent of such patients coming to surgery. 


Combined mitral and aortic valve disease 

Forty-six patients had surgery. Significant coronary 
obstructions were present in nine (20%) with the 
vessels angiographically suitable for coronary artery 
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bypass grafts in all of these. Eventually eight grafts 
were performed in eight patients. Coronary artery 
surgery was performed in two (7%) of the original 
27 patients with combined mitral and aortic valve 
disease and no chest pain, representing 8 per cent 
of such patients coming to surgery. 


Discussion 


The first part of this study was designed to deter- 
mine the incidence of angina and coronary artery 
disease in patients undergoing investigation for 
valvular heart disease. As in a previous study? 
angina was much commoner in the presence of 
aortic valve disease (48%) than in mitral valve 
disease (14%). The incidence of angina was 
greatest in those with isolated aortic stenosis (62%) 
and least in those with isolated mitral stenosis 
(9%). Previous reports of angina in association with 
isolated aortic valve disease have reported incidences 
between 45 and 70 per cent.'^? Most studies have 
been of patients with isolated aortic stenosis, 
though there seems to.be little difference in the 
incidence of angina between those patients with 
predominant stenosis and those with predominant 
regurgitation.! * In this study, angina was more 
frequent in the presence of predominant stenosis. 

Compared with aortic valve disease, little atten- 
tion has been given to the incidence of angina in 
patients with isolated mitral valve disease, possibly 
because it was thought to be relatively uncommon. 
Baxter et al. however, reported 33 per cent of such 
patients with angina, a higher figure than that re- 
ported here (1495), but much must depend upon the 
criteria used in making a clinical diagnosis of 
angina. Baxter et al. do not state their criteria and, 
not having a separate group with atypical chest pain, 
such patients may have been included in their 
angina group. It is clear, however, that angina can 
occur in association with mitral valve disease (even 
isolated mitral stenosis) and the incidence in this 
study is higher than that of 5:5 per cent previously 
reported for a general population of similar age 
distribution.?® The incidence of angina in patients 
with combined mitral and aortic valve disease 
(33%) was intermediate between the two other valve 
groups. 

There are several reasons why angina might show 
an increased incidence in the presence of valvular 
heart disease.?* Aortic valve disease is associated 
with increased left ventricular wall tension and 
myocardial oxygen requirement, while coronary 
blood flow and perfusion gradient may be decreased. 
In mitral stenosis, angina may result from low 
cardiac output and decreased coronary perfusion, 
but our findings suggest that in the presence of this 
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lesion it is more likely to be associated with severe 
coronary artery disease than it is in aortic valve 
disease, In this study pulmonary hypertension did 
not predispose to angina, but pulmonary pressure 
was severely raised in only a small number of 
patients. 

In contrast to the symptom of angina, the in- 
cidence of significant coronary lesions was highest 
in isolated mitral valve disease (3395) and lowest in 
isolated aortic valve disease (28%). Comparison 
with previous studies is hindered by differences in 
the criteria used to classify a lesion as "significant". 
In this study, luminal narrowing of « 50 per cent was 
used, as our surgical policy is to graft such vessels if 
possible. When similar criteria have been used by 
Others in patients with aortic valve disease, signi- 
ficant lesions were found in fewer patients (1795).! 
Other reports, taking 75 per cent narrowing as 
“significant”, show an incidence of coronary artery 
disease of 14 per cent? and 23 per cent.? Swanton 
et al.® reported 23 per cent of patients with isolated 
aortic valve disease as having "significant" coronary 
lesions, but did not state the criteria used. 

There have been few angiographic studies of the 
coronary arteries in patients with isolated mitral 
valve disease. Baxter et al.1 reported lesions greater 
than 50 per cent narrowing in 22 per cent of patients. 
In isolated mitral stenosis significant coronary 
lesions have been reported in 18 per cent of patients 
at angiography”? and in 32 per cent at necropsy.? 
In the present study 33 per cent of patients with 
mitral valve disease had at least one major coronary 
obstruction, thus confirming the substantial in- 
cidence of concomitant coronary artery disease in 
these patients. 

Not only did patients with mitral valve disease 
have significant coronary lesions more frequently 
than those with aortic valve disease, but the overall 
severity (as assessed by the coronary score) was 
greater. It is not clear, however, whether mitral 
valve disease predisposes to coronary artery disease 
or whether aortic valve disease is relatively pro- 
tective. It has been suggested that the rheumatic 
process induces coronary disease?* but necropsy 
evidence disagrees.?9 Nakib ez al.” suggest that in 
the presence of aortic stenosis, the severity of 
coronary artery disease is inversely related to the 
valve gradient, supporting a protective mechanism. 

As a possible relation may exist between severity 
of coronary artery disease and severity of valve 
disease, an attempt was made to correlate an index 
of severity of valve disease (valve score) with one of 
the severity of coronary artery disease (coronary 
score). The group with the highest valve score 
(combined mitral and aortic valve disease) had the 
lowest coronary score but the converse did not hold. 
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Valve score and coronary score had an inverse 
relation in all groups but this was only of statistical 
significance in patients with isolated aortic valve 
disease. The method used is arbitrary and does not 
take into account other factors, such as cardiac 
output, but nevertheless it appears that coronary 
artery disease may contribute to the severity of 
symptoms in patients with valvular heart disease. 
Further, clinical deterioration leading to considera- 
tion of valve surgery may be the result in part of 
increasing severity of coronary artery disease 
rather than deterioration caused by the valve itself. 
Identification of coronary disease must therefore 
become an important part of preoperative investiga- 
tion, and its alleviation a consideration in any 
surgical intervention. 

If this is accepted, how can identification of 
coronary artery disease be achieved? Taking 
angina as a marker of coronary artery disease our 
findings agree with previous studies, 5? where 
angina in aortic valve disease indicates significant 
coronary lesions in only 33 per cent of patients. 
Angina in mitral valve disease is more significant, 
85 per cent of such patients having major coronary 
obstruction. In this series, all patients with isolated 
mitral stenosis and angina had significant coronary 
artery disease. While angina is a poor marker of 
coronary artery disease in aortic valve disease, in 
mitral valve disease it is valuable. Àn absence of 
angina is less useful. The substantial incidence 
(22%) of significant coronary disease in patients 
with aortic valve disease but no chest pain in the 
present study confirms that the absence of chest pain 
in isolated aortic valve disease does not rule out the 
presence of significant coronary artery disease. T'he 
figures for mitral valve disease without chest pain 
are similar. 

In the second part of this study other factors, 
possibly predictive of the presence of coronary 
artery disease, were examined. Though men tended 
to have more severe coronary artery disease than 
women, the difference was significant only in 
isolated mitral valve disease. The severity of 
Coronary artery disease increased with age but there 
was no age below which it could be confidently 
excluded. No significant differences were found 
between smokers and non-smokers. Surprisingly, 
there was no significant relation between severity of 
coronary artery disease and several simple indices of 
left ventricular function. Previous studies have 
shown that the resting electrocardiogram is also of 
little value.! 1° In a multiple regression analysis of 
these factors only angina and age in patients with 
isolated mitral valve disease, and age in patients 
with mitral and aortic valve disease, were predictive 
of the severity of coronary artery disease. It there- 
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fore seems clear that, if it is desirable to identify 
patients with coronary artery obstructions before 
valve surgery, there is no simple alternative to 
routine coronary arteriography. We have no data to 
set a lower age limit for this recommendation. 
Though coronary artery disease was found in 
patients aged below 45 years, coronary arteriography 
was not performed as a routine procedure in this 
group. 

A remaining question is whether significant 
coronary artery disease, if found, should be treated 
by coronary artery bypass grafts. Coronary artery 
disease may contribute to symptoms before and 
after valve surgery and the mortality of surgery may 
thus be considerably influenced. Poor results have 
been attributed to uncorrected coronary artery 
disease,!! 13715 with twice the perioperative mortality 
of patients with no coronary artery disease.” 


Long-term survival is also reduced. Previous . 


reports of aortic valve replacement with concomitant 
coronary artery bypass grafts have suggested 
higher, 28-31 lower,?7 3233 or unchanged! 34 35 
mortality as compared with aortic valve replace- 
ment alone. In all except one of these studies,?? 
coronary artery bypass graft was performed im- 
mediately after valve replacement, inferring that 
during the phase of valve replacement the distal 
myocardium was at risk from underperfusion. 
Macmanus et al.?? report a comparison of patients 
treated in this sequence with a group treated in the 
reverse order and suggest that coronary artery by- 
pass grafting performed first reduces the risk of 
operative myocardial infarction. In the pxesent series 
the overall perioperative (within four weeks) 
mortality of valve replacement combined with 
coronary artery bypass graft was 20 per cent com- 
pared with 5-9 per cent for valve replacement alone. 
Patients undergoing coronary artery bypass grafts, 
however, represent a group with increased risk by 
virtue of their coronary artery disease and to make 
true comparisons of perioperative mortality and 
the degree of postoperative improvement it would be 
necessary to carry out a randomised prospective 
trial of patients with similar degrees of valvular and 
coronary disease. 

In conclusion, this study has shown that asympto- 
matic coronary artery disease is common in patients 
undergoing assessment for valve surgery and that 
there are no adequate clinical markers for such 
coronary lesions. We therefore believe that routine 
coronary arteriography is necessary for proper 
diagnosis in patients with valvular heart disease 
before surgery. The yield of significant coronary 
lesions has been shown to average 33 per cent in 
patients aged 45 years or over but we have no data 
as to the incidence in lower age groups. 
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Physical training after heart valve replacement 


J P NEWELL, C T KAPPAGODA, J B STOKER, P B DEVERALL, 


D A WATSON, R J LINDEN 


From the Department of Cardiovascular Studies, University of Leeds, and Killingbeck Hospital 


SUMMARY A controlled trial was undertaken to examine the efficacy of physical training im patients 
recovering from the replacement of a single heart valve. 

Patients were allocated to a test or control group two weeks after operation. Each patient performed 
a submaximal exercise test at entry, and 12 and 24 weeks after this test. The Canadian Air Force exercise 
programme was undertaken by the test group, while the control group continued normal activities for 
the 24 weeks between the first and last exercise group. 

A regression line of submaximal heart rate on oxygen consumption was calculated from the data 
of each exercise test in each patient. Alterations in this line were used as an “index” of changes in 


“‘cardiorespiratory fitness". 


The individual results showed a consistent improvement in “cardiorespiratory fitness" over the 
first 12 weeks in both groups. Only patients in the test group continued to improve between 12 and 
24 weeks. Thus the exercise programme modified the recovery of “‘cardiorespiratory fitness" after 


operation. 


Results in patients who developed clinical complications, and were excluded from the trial, predicted 


a deteriorating clinical condition. 


This finding suggested that sequential exercise tests are of value after cardiac surgery. 


In recent years considerable interest has been shown 
in the physical rehabilitation of patients suffering 
from ischaemic heart disease and rehabilitation 
programmes for these patients are an integral 
feature of the health service of many countries. In 
contrast, physical training in patients with other 
forms of cardiac disease, particularly those under- 
going surgery for valvular diseases of the heart, has 
received little attention.1 A programme of physical 
training for these patients could be justified readily, 
however, from the known effects of training and 
bed-rest on cardiorespiratory fitness. 

Patients commonly present for valve surgery 
after years of partial, or even complete, impairment 
of physical activity. Cardiorespiratory fitness will 
be further impaired by surgical trauma and post- 
operative bed-rest.? ? Therefore, patients recovering 
from, albeit successful, cardiac surgery are not in an 
optimum state of cardiorespiratory fitness,* especi- 
ally after mitral valve replacements and in patients 
in whom a valve lesion is caused by rheumatic 
heart disease known to impair cardiac per- 
formance.5 * Such a proposition is supported by the 
Observation that haemodynamic improvement (as 
Received for publication 31 March 1980 


defined by catheter studies made at rest) is not 
reflected in comparable "functional improve- 
ment.” 8 

The present study was undertaken to establish 
the efficacy of physical training in patients recover- 
ing from the replacement of a single heart valve. 
A suitable training programme, and an exercise test 
which provides a valid index of cardiorespiratory 
fitness have been examined and the results re- 
ported previously.’ 


Subjects and method 


(1) SELECTION OF 24 PATIENTS FOR STUDY 

Only patients who had undergone a single heart 
valve replacement (aortic or mitral) were considered 
for entry to the trial. Two weeks after operation 
these patients were assessed by a cardiologist 
(JBS) who, with supportive evidence from certain 
laboratory investigations (for example blood urea, 
haemoglobin, FEV,%) adjudged them to be a 
“satisfactory operative result". Clinical criteria 
adopted in reaching this decision were the absence 
of: (a) angina pectoris, (b) significant murmurs, (c) 
clinical signs of heart failure, (d) anaemia, (e) 
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significant pulmonary and renal disease, and (f) 
significant joint disease or otber disabilities pre- 
venting an exercise test. 

Patients who had been admitted in atrial fibrilla- 
tion which was controlled with digoxin after opera- 
tion were considered for entry to the trial. Patients 
maintained on antiarrhythmic agents after operation 
were excluded. Only patients who gave their formal 
consent to undergo a sequence of postoperative 
exercise tests on a bicycle ergometer were accepted 
for the study. The procedure for this investigation 
was approved by the hospital ethical committee. 

At entry to the trial, the patients were allocated 
to a trial group or to a control group solely according 
to convenience of travel as determined by domicile; 
all patients lived and worked within the West 
Yorkshire industrial conurbation. 


(2) PROCEDURE FOR TRIAL 

Exercise tests were performed on all patients be- 
tween two and three weeks after operation, and then 
12 and 24 weeks after this first test, when the clinical 
progress of each patient was also reviewed. After 
their first exercise test patients in the test group 
undertook the training programme for 24 weeks. 


(3) EXERCISE TEST 

In each test, an attempt was made to obtain a 
relation between the heart rate and the oxygen 
consumption for a series of submaximal work loads. 


(a) Procedure 

All patients were tested at least two hours after their 
most recent meal. After sitting or lying quietly for 
15 to 20 minutes they mounted an electrically 
braked bicycle ergometer (Elema Schonander, Type 
380) and the procedure was explained to them. 
Saddle height was set at maximum comfortable leg 
extension and remained unchanged for each patient 
on subsequent retesting. After the attachment of 
electrocardiograph electrodes patients remained 
seated on the bicycle ergometer for five to 10 
minutes in order to obtain a steady “‘initial heart 
rate", Any  electrocardiographic abnormalities 
present at rest were recorded. 

Usually six submaximal work loads were pre- 
sented to each patient. These were arranged in three 
pairs in a discontinuous but increasing series as 
illustrated in Fig. 1. Each work load was pedalled 
for a nominal five to six minutes at 60 rpm until the 
criteria for a steady state, as defined below, was 
achieved. The heart rate and the oxygen con- 
sumption were then measured. Rest periods between 
loads were not fixed but prolonged until the recovery 
heart rate was within five to 10 per cent of the 
initial heart rate. 
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Procedure for exercise test 


| 


"nali 


Time 
Fig. 1 Exercise test procedure. Relative changes in 
work load are represented on the vertical axis. These 
changes are related to time on the horizontal axis. 
Subjects mounted the bicycle ergometer at time 
indicated by the arrow. 


Work loads were selected to obtain an increase in 
the exercise heart rate of 50 to 70 beats/min over 
the complete test, to permit adequate definition of 
the heart rate/oxygen consumption (HR/Vo,) re- 
lation without departure from linearity. Thus the 
work loads used differed between patients but were 
usually 200, 300, and 400 kpm/min (32-8, 49-2, 
65-6 W) for women, and 200, 400 and 600 kpm/min 
(32-8, 65-6, 98-4 W) for men. In some patients, an 
increase in exercise heart rate of 30 to 40 beats/min 
was accepted as the first postoperative test and an. 
initial work load of 100 kpm/min (16-4 W) selected. 

Laboratory ventilation was assisted by wall 
mounted fans and all patients exercised in an 
ambient temperature of 19 to 22°C, humidity 45 to 
60 per cent. Oxygen consumption was measured. 
continuously during exercise by an open circuit 
“flow through” technique which has been described 
previously.1? This technique is free from systematic 
error and its random error (that is 95% tolerance 
limits) is 4 per cent. This apparatus provided a 
direct digital display of oxygen consumption in 
cm?/min. The output was also amplified (EMMA 
system, SE Laboratories, Feltham, Middlesex) and 
recorded on^an ultraviolet recorder (Model 2100, 
SE Laboratories). 

This method was particularly suitable for 
measuring “steady state" values of submaximal. 
oxygen consumption since the approach and 
attainment of a steady state of oxygen consumption 
was readily assessed as a plateau in the tracing on the 
ultraviolet recorder. All values of oxygen consump- 
tion were expressed at 20°C and 760 mmHg 
(101-1 kPa). 

'The electrocardiogram was recorded alongside 
the tracing of the oxygen consumption. The heart 
rate was determined by counting cardiac cycles over 
at least one minute during the "steady state" of 
oxygen consumption. An additional output from the 
electrocardiographic amplifier was used to drive a. 
cardiotachometer (Type 4913, SE Laboratories) to 
provide a continuous display of the heart rate. 
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Criteria for the achievement of a “steady state” 
were therefore: (i) a sustained “plateau” of oxygen 
consumption for at least one minute (<5:0% 
variation); and (ii) a sustained and concurrent 
steady heart rate («2-095 variation). 


(b) Patient monitoring and safety 

All exercise tests were carried out by two medically 
qualified staff. T'he electrocardiogram of each patient 
was continually displayed on a memory oscilloscope 
(Model 434-1 SE Laboratories) permitting the 
retention of any electrocardiographic abnormalities 
during exercise. Full resuscitation facilities were 
available including a wall mounted DC defibrillator 
(Model 282, Cardiac Recorders Ltd). Exercise tests 
were terminated at the onset of any of the following 
symptoms and signs: dyspnoea, pain, arrhythmia, 
and conduction disturbance. 


(4) TRAINING PROGRAMME 

All patients in the test group followed the Royal 
Canadian Air Force exercise programme, 5BX for 
men and XBX for women,? ! which has been re- 
commended for sedentary normal subjects. This 
programme was considered particularly suitable 
.Since it is well defined in terms of its frequency, 
duration, and age related rate of progression. As it 
required only 11 to 12 minutes of daily exercise we 
expected good patient adherence. This time was 
split in approximately equal proportions between 
muscle strengthening exercises (callisthenics) and a 
stationary run. The frequency of each exercise is 
increased with progression of training to keep 
within the set time. The efficacy of this training 
programme in improving tbe cardiorespiratory 
fitness of normal subjects has been established 
previously.? In addition, the short duration of the 
exercise sequences causes minimal interference with 
normal activities and since no special equipment is 
required it can be undertaken at home. 


(5) TRAINING SCHEDULE FOR TEST GROUP 

(a) First three weeks 

Patients attended the physiotherapy department on 
five days a week and training was supervised by a 
qualified physiotherapist. This ensured that each 
patient was fully conversant with the timing and 
duration of the exercise sequences. Medical staff 
recorded the electrocardiogram before and after 
exercise and the heart rate over the first 20 seconds 
of recovery. 


(b) Three to 13 weeks 
Patients attended the physiotherapy department for 
supervised training twice a week. On the remaining 
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five days training was continued unsupervised at 
home. 


(c) Thirteen to 24 weeks . 
Patients trained daily at home but also attended the 
physiotherapy department at least once every two 
weeks. Several patients elected voluntarily to 
attend for supervised training twice weekly. 


Results 


'The investigation was conducted on a total of 24 
patients, 12 in the control group, and 12 in the test 
group. Their relevant anthropometric and clinical 
details are given in Table 1a and b. The 12 control 
subjects had a mean age of 39-7 years (SEM 45-6) 
and a mean body weight of 66-3 kg (SEM 43-5). 
Eight of the control subjects had aortic valve 
disease and four had mitral valve disease. The 
causes of valve lesion were rheumatic in six patients, 
congenital in four patients, and calcific aortic 
disease in the remaining two patients. The 12 
subjects in the test group had a mean age of 39-7 
years (SEM +3-9) and a mean body weight of 63-2 
kg (SEM x 1:9). Seven of the test subjects had 
aortic valve disease and five mitral valve disease. The 
causes of valve lesion were rheumatic in nine 
patients, congenital in two patients, and infective 
endocarditis in the remaining patient. Three patients 
in each group (cases 9, 11, and 12 in Table 1a, and 
cases 19, 23, and 24 in Table 1b) were taking 
digoxin but the doses remained constant during the 
trial. 


RELATION BETWEEN SUBMAXIMAL HEART 
RATE AND OXYGEN CONSUMPTION 
The data from each exercise test in each patient 
were analysed to provide a regression line relating 
submaximal heart rate to submaximal oxygen con- 
sumption. Three regression lines were therefore 
obtained in each patient, corresponding to each 
postoperative exercise test. In the first postoperative 
test, however, six patients (cases 4 and 10 of the 
control group, and cases 19, 20, 21, and 24 of the 
test group) did not complete six submaximal work 
loads because of complaints of dizziness, dyspnoea, 
or pains in the legs. In case 21 of the test group there 
were insufficient data to establish a regression line. 
In the remaining five patients regression analysis 
was based on fewer points. For similar reasons the 
12-week test was terminated prematurely in case 19 
of the test group and the 24-week test in case 10 
of the control group. 

A statistical analysis of 65 regression lines based 
on six measured points disclosed correlation 
coefficients of between 0-95 and 0-99 (p «0:005 or 
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Table 1 Details of patients 
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Case Sex Age (y) Wt (kg) Valve lesion Aetiology ECG Postop 0 Drug 3/12 Therapy 6/12 
no. 
(a) Control group 
1 M 15 49-7 AS! N SR — — =~ 
2 M 49 58-1 AS! R SR F20 — — 
3 M 15 51:2 AS! N SR — — — 
4 M 62 65:0 AS! N SR -— — -— 
5 M 58 70-0 AS? N SR — — — 
6 M 40 72:0 AS? N SR F20 — — 
7 M 34 86:5 AR! R SR — — — 
8 "M 58 60-0 AR? N SR F20 F20 — 
9 F 24 73:0 MS? R AF DO25 DO25 DO25 
10 F 60 53-0 MS! R SR F40 — — 
11 M 40 81:3 MR? R AF F40 DO5 DOS- 
DOS 
12 M 37 76:0 MR? R SR F40 F40 F40 
DO25 D0O25 DO25 
Mean 39-7 66:3 
SEM +56 x3 
(b) Test group 
13 M 62 59-0 AS! N SR F40 — — 
14 M 18 64:5 AS! N SR — — — 
15 M 34 69-0 AR! R SR F20 — — 
16 M 36 79-0 AR? R SR F40 -— — 
17 M 29 65-0 AR? N SR F20 — -— 
18 F 38 62:0 AR* R SR — m = 
19 M 58 65-0 AR? R AF F40 DO5 DO5 
Dos 
20 F 44 52:0 Ms? R SR e -— — 
210 F 42 640 MS: R SR — — — 
22 M 35 62-0 MS: R SR F40 — — 
23 F 55 59-2 MS? R AF F40 F40 F40 
DOS DO5 DO5 
24 E 25 58.0 MR? R SR F40 F20 F20 
D025 DO25 DO25 
Mean 39-7 63-2 
SEM x39 +19 





SR, sinus rhythm; AS; aortic stenosis; MS, mitral stenosis; +, Bjórk-Shiley prothesis; *, Lillehei-Kester prothesis; * homograft; * hetero- 
graft; AF, atrial fibrillation; AR, aortic regurgitation; MR, mitral regurgitation; F, frusemide; D, digoxin (daily oral Rx in mg); R, rheu- 


matic activity; N, nonrheumatic activity. 


p «0-001) on 61 occasions. A reduced correlation 
was obtained on four occasions at the first post- 
operative test, ranging from 0-85 to 0-93 (p « 0-05 or 
p «0:01). The seven analyses based on four or five 
measured points (see above) showed correlation 
coefficients of 0-97 or 0:99 (p «0-005 or p « 0-001). 
Therefore all the tests performed, except the first in 
case 9 of the test group, provided a significant 
positive relation between submaximal heart rate 
and oxygen consumption. 

Three patients in the test group developed post- 
operative complications necessitating clinical inter- 
vention; cases 13 and 14 presented evidence of 
subacute bacterial endocarditis and case 19 cardiac 
failure. In addition, one patient (case 23) dis- 
continued the training programme after 12 weeks. 
'The results obtained in these four patients. will be 
considered individually in a separate section of the 
Results (see later). 


CHANGES IN CARDIORESPIRATORY 
FITNESS AFTER OPERATION 
(a) Individual data 
In individual subjects an increase in “‘cardio- 
respiratory fitness" is indicated by a movement of 
the submaximal HR/V o, relation to the right while 
a loss of fitness is indicated by a reversal of this 
movement.® 

Original data from one patient in each group are 
shown in Fig. 2. The two patients are well matched 
in terms of age, height, and weight (see Table la 
and b). Both patients had undergone a valve replace- 
ment for aortic regurgitation with a clinically 
satisfactory result and recovery. In both subjects 
the 12-week test is associated with a movement to 
the right of the HR/V o, relation from that obtained 
three weeks after operation. ‘The patient in the test 
group showed a further movement to the right at the 
24-week test while the control patient showed a 


140 Test case 16 
c 
a 
" dd p 

120 x 
100 

Testa n=6 r=0-97 p<0-005 

Testb n=6 rz0:999 p<0-001 
80 Testc n=6 r=0-99 p<0-001 
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Testa n=6 r-098 p<0-001 
Testb n=6 rz099 p<0-001 


80 Teste n-6 r-096 p<0-005 
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Fig. 2 Results from test case 16, and control case 7: 
for each patient submaximal heart rate (beats/min) 

is plotted on the ordinate against submaximal oxygen 
consumption (l|[min) on the abscissa. Measured data 
from exercise tests a, b, and c in each patient with the 
corresponding regression lines are shown. The related 
correlation coefficients with associated levels of 
significance are tabulated. 


movement to the left. This finding suggested that 
the training programme altered the position of the 
HR/V o, relation obtained at the 24-week test. 
Composite plots from the remaining seven 
patients in the test group and the 11 patients in the 
control group are presented in Fig 3 and 4. In both 
groups the 12-week test is associated with a con- 
sistent movement of the HR/V o, rélation to the 
right of the immediate postoperative position. In the 
test group, the 24-week test is associated with a 
further movement to the right of the HR/V o, 
relation from the 12-week position. In contrast, the 
patients in the control group show less consistent 
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movements between the HR/V o, relations obtained 
at 12 and 24 weeks. 

In order to establish the statistical significance 
of the movements of these lines, the technique 
described by Snedecor and Cochran was adopted. 12 
'This method compared first the slopes of the two 
regression lines, and second, the adjusted means to 
show whether the two groups of data fitted a single 
regression line or separate ones; that is whether the 
“movement” of the regression lines to the left or 
right was significant. 

This test was used to compare the results of the 
12-week and 24-week tests in each patient (Table 2). 
For this comparison the test group now consisted of 
four patients with mitral valve replacement and four 
patients with aortic valve replacement. The control 
group consisted of eight patients with aortic valve 
replacement and four patients with mitral valve re- 
placement. The movement to the right of the 
HR/V o, relation between 12- and 24-week tests 
noted in each patient in the test group (Fig. 2 to 4) 
was confirmed as a significant difference (p « 0-05). 
There were also significant but less consistent 
alterations in slope. In the control group significant 
alterations in slope and movements of the regression 
lines were also found but inspection of Fig. 2 and 3 
indicates that these differences were random rather 
than systematic. These differences within the 
control group may relate to the type of valve re- 
placement, lesion, and aetiology. In contrast, there 


Table 2 Comparison of submaximal heart ratejoxygen 
consumption regression lines obtained at 12 weeks and 
24 weeks 











Case Control group Case Test group 
No. No. 
1 Slope NS 13  *Slope NS 
Elevation «0-05 *Elevation «0-01 
2 Slope «0-01 14  *Slope NS 
Elevation NS *Elevation «0:01 
3 Slope «0-05 15 Slope NS 
Elevation NS Elevation «0:01 
4 Slope NS 16 Slope «001 
Elevation «0:05 Elevation «0-01 
5 Slope NS 17 Slope NS 
Elevation «0:01 Elevation «0-01 
6 Slope NS 18 Slope NS 
Elevation NS Elevation «0:05 
7 Slope NS 19  *Slope NS 
Elevation «0-01 *Elevation «001 
8 Slope NS 20 Slope NS 
Elevation «001 Elevation «0:01 
9 Slope NS 21 Slope NS 
Elevation «0-01 Elevation «0-01 
10 Slope NS 22 Slope «0:01 
Elevation «0-01 Elevation «001 
11 Slope x 0:05 23  *Slope NS 
Elevation NS *Elevation «0-05 
12 Slope NS 24 Slope NS 
Elevation «0-01 Elevation «0-01 





*Excluded from group comparison. 
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was a consistent and significant movement of these 
regression lines to the right in the test group despite 
individual differences in these variables. It was 
therefore of interest to compare the progress of 
patients with rheumatic and non-rheumatic valve 
lesions within the control group. There were six 
patients with rheumatic heart disease and six 
patients with non-rheumatic heart disease and the 
exercise test appeared capable of discriminating the 
progress of these two subgroups. The HR/V o; 
regression line showed a significant movement to 
the right between the 12- and 24-week tests in only 
one of six patients with rheumatic heart disease. 
In contrast this movement was observed in four of 
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Case 3 


Fig. 3 Results from 11 patients 
in the control group : submaximal 
heart rate (beats/min) is plotted 
on the ordinate against 
submaximal oxygen consumption 
(litre{min) on the abscissa for 
each patient. Regression lines . 
calculated from the results of 
exercise tests a, b, and c are 
shown. 
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the six patients in the control group who did not 
have rheumatic heart disease. 

It was concluded that the 5BX/XBX training 
programme was associated with a consistent im- 
provement in ‘‘cardiorespiratory fitness”. This was 
defined in individual patients of the test group by a 
significant movement to the right of the HR/V o, 
regression line, between the 12- and 24-week tests. 
This result is similar to that demonstrated in normal 
subjects.’ 


(b) Group analysis of data 
To examine group differences in the alteration of 
cardiorespiratory fitness after operation it was 
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Fig. 4 Results from seven 
patients in the test group : 
submaximal heart rate 
(beats/min) is plotted on 

the ordinate against 
submaximal oxygen consumption 
(l/min) on the abscissa for each 
‘patient. Regression lines 
calculated from the results of 
exercise tests a, b, and c 

are shown. 


Heart rate 


necessary to compare the complete data for each 
group. Three HR/V o, regression lines were calcu- 
lated from the pooled data for each of these tests in 
each group. The pooled HR/V o, relation from 
the first postoperative test was not statistically 
significant in either group, a finding which reflected 
the narrow range of heart rates obtained in these 
tests. This proposition is supported by the observa- 
tion that the HR/V o, relation in individual patients 
was significant. The pooled HR/V o, relation from 
the second and third postoperative tests are illu- 
strated in Fig. 5. The pooled data from the 12-week 
test yielded a significant HR/V o, relation in both 
groups. 'T'he positions of the regression lines did not 
differ significantly from each other (p » 0:05). The 
‘pooled data from the 24-week test also yielded a 
significant HR/V o, relation in both groups. The 
regression line obtained in the control group, 
however, did not show a significant movement to 
the right from the 12-week position, whereas the 
line obtained in the test group did (p « 0-05). It was 
concluded that the 5BX/XBX training programme 
had modified the postoperative recovery of cardio- 
respiratory fitness in patients of the test group. 
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No attempt was made to determine the effort 
tolerance of patients. All patients, however, 
showed an improved subjective tolerance of the 
higher work loads, imposed at the 12-week test. 
At 24 weeks further subjective improvement was 
more evident in the test group. This is reflected in 
the consistently higher loads and thus higher levels 
of steady state oxygen consumption achieved 
(cf Fig. 3 and 4). 


(c) Results of patients excluded from trial 
Four patients were excluded, three on clinical 
evidence, and one who failed to continue. Individual 
data from these four patients, together with the fitted 
HR/V o, regression lines are presented in Fig. 6. 
The results from the statistical comparison of these 
regression lines at 12 and 24 weeks are summarised 
in Table 2. 

Results of sequential postoperative exercise tests 
in these patients will be related to their individual 
clinical history during the same period. 


CASE 13 
'This 62-year-old man entered the test group after 
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Fig. 5 Group results for test and control patients : 
submaximal heart rate (beats/min) is plotted on the 
ordinate against submaximal oxygen consumption 
(l/min) on the abscissa for each group. Regression lines 
calculated from the pooled results of the exercise tests 
performed 12 and 24 weeks after operation (tests b, c) 
are shown for each group. The related correlation 
coefficients with associated levels of significance are 
tabulated. 


correction of isolated aortic stenosis by aortic valve 
replacement. This patient made steady progress 
through the exercise programme over the first nine 
weeks. Progress then slowed, and finally halted, and 
was associated with a complaint of lack of energy. 
In the twelfth week the patient complained of tired- 
ness and night sweats. Exercise test data at 12 weeks 
(line b) yielded a regression line differing little in 
position from that obtained immediately after 
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operation (line a). This finding contrasts with other 
results in both test and control groups (Fig. 
3 and 4). Treatment was instituted for subacute 
bacterial endocarditis. Though this patient did not 
start training, the regression line obtained at 24 
weeks (line c) again shows a “movement” to the 
right; commensurate with the results of other 
patients in the control group. 


CASE 14 L 

Preoperatively this 18-year-old man was asympto- 
matic. He entered the test group after aortic valve 
replacement to correct residual congenital aortic 
stenosis (a valvotomy had been performed when this 
patient was 5 years old). During the first 12 weeks 
he made rapid progress through the exercise pro- 
gramme. The regression line from the 12 week test 
(line b) showed pronounced movement to the right 
from the postoperative position (line a). Progress 
with training, however, then slowed. At the twenty- 
first postoperative week the patierit complained of a 
persistent “flu like" illness and felt too tired to 
continue the exercise programme. The test at 24 
weeks resulted in a regression line (line c), dis- 
placed to the left of that at 12 weeks (line b), despite 
some training during this period. Subacute bacterial 
endocarditis was later diagnosed and treated. An 
additional exercise test performed at 30 weeks 
resulted in a regression line (line d) showing a 
movement to the right from the 24-week position. 


CASE 19 

'This 58-year-old man entered the trial after cor- 
rection of aortic regurgitation by aortic valve re- 
placement. After 10 weeks of training he was unable 
to complete the exercise sequences within the re- 
quired time and exercise was associated with 
worsening dyspnoea and a pronounced tachycardia. 
He complained of feeling “worse off" than before 
the operation. Clinical examination confirmed a 
diagnosis of progressive cardiac failure. 'The 
exercise test performed at 12 weeks resulted in a 
regression line (line b) lying to the left of the im- 
mediate postoperative line (line a). After treatment, 
and on long-term diuretic therapy, this patient 
undertook a further exercise test at 24 weeks. This 
test resulted in a regression line with a position well 
to the right of the previous two tests. 


CASE 23 

This 55-year-old woman underwent mitral valve 
replacement for the correction of mitral stenosis. 
Domestic circumstances prevented her from con- 
tinuing the exercise programme after 12 weeks. 
The test at 12 weeks resulted in a regression line 
(line b) lying to the right of the position after 
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Fig. 6 Results from patients excluded from the test group : submaximal heart rate (beats[min) is plotted on the 
ordinate against submaximal oxygen consumption (l/min) on the abscissa for each patient. Measured data from 
exercise tests a, b, and c (also d in case 14—see text) with the corresponding regression lines are shown. 


operation. However, the line from the exercise test 
at 24 weeks (line c), after discontinuing training, 
was to the left of the 12 week position, a finding 
previously noted in patients of the control group 
(Fig. 3). 

Cases 12, 14, and 19 were unable to maintain 
steady progress through the training programme. 
This undoubtedly drew attention to a deteriorating 
clinical condition which was confirmed on formal 
exercise testing. Interpretation of these results 
necessitated additional clinical information but their 
development appeared to predate the appearance of 
unequivocal clinical signs. 


Discussion 


'ÜThis study attempted to provide objective 
evidence of a change in cardiorespiratory fitness 


when patients recovering from surgery for valvular 
heart disease undertook a programme of physical 
training. Only a small number of patients was 
studied, due mainly to strict criteria governing 
entry to the trial. For logistic reasons conventional 
randomisation between test and control groups was 
not possible. An allocation solely based on domicile, 
however, did not result in any other relevant dif- 
ferences in the composition of the two groups. 

For this study a valid index of cardiorespiratory 
fitness and an acceptable training programme were 
required. In addition, sequential exercise tests 
provided an early indication of postoperative com- 
plications in three patients. The application of 
exercise tests in the routine follow-up of post- 
operative cardiac patients will therefore be 
examined. 
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VALID INDEX OF CARDIORESPIRATORY 
FITNESS 

An index was required to show an “improvement” 
or deterioration in the cardiorespiratory fitness 
of individual patients. Validation therefore de- 
manded the demonstration of systemic alterations 
in this index, with interventions designed to alter 
cardiorespiratory fitness (for example periods 
of training or detraining). This index will not 
provide an absolute ‘measure of fitness but will 
follow changes in individual patients provided its 
reproducibility is acceptable. Maximal oxygen 
consumption (V o, max) is conceptually attractive 
to fulfil this role, since alterations in this value with 
training and detraining have been repeatedly 
shown in normal individuals, at least on the basis 
of a change in group mean values. Several points, 
however, must be considered before measurement 
of V o, max is made in a clinical population. This 
measurement must be divorced from any subjective 
considerations. The objective criteria used to define 
a measurement “endpoint” demand a lengthy and 
exhausting procedure. Furthermore, the repro- 
ducibility of this measurement within a normal 
sedentary population is ill defined.? As a result, it 
was considered unrealistic and potentially hazardous 
to ask cardiac patients to adhere to a test procedure 
developed in well trained and motivated subjects. 
Adopting a “symptom limited" measurement of 
Vo, max!415 was inappropriate because these 
methods introduce a subjective endpoint whose 
reproducibility cannot be adequately examined. 

An index based on submaximal exercise data was 
therefore necessary. Since the submaximal HR/V o; 
relation is constructed from relatively simple 
measurements and its linearity permits the applica- 
tion of conventional statistical techniques, it has 
formed the basis of several such indices. Both the 
slope of this relation and heart rates interpolated at a 
fixed submaximal oxygen consumption have been 
incorporated into separate indices of cardiorespira- 
fitness.15 17 Neither index, however, had been 
validated in the terms required by this study. 
Furthermore, neither is a complete description 
of a relation which may alter in both slope and 
elevation. An earlier investigation? showed this 
relation to be a valid index of cardiorespiratory 
fitness provided account was taken of the complete 
data relating to individual regression lines. The 
results of a single exercise test were also found to 
form an adequate baseline from which to follow 
alterations in cardiorespiratory fitness. 

This index was therefore selected to follow 
sequential alterations from a postoperative baseline. 
This baseline reflected the combined effects of 
preoperative limitation of activity, surgical inter- 
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vention, and postoperative immobilisation. It was 
not possible to state that individual patients showed 
an equal deterioration of cardiorespiratory fitness 
at this time; only that changes within a given patient 
would be detected. In addition, it was not possible 
to predict the nature of the mechanism responsible 
for these changes. It is of interest, however, that 
most of the patients with rheumatic heart disease 
and with mitral valve replacement in the control 
group failed to show a detectable improvement 
using this index. In contrast, most of the remaining 
patients with non-rheumatic heart disease continued 
to improve in the postoperative period. That re- 
covery in the rheumatic heart is less satisfactory 
than that in the non-rheumatic heart has been 
documented in previous investigations using 
catheter studies and changes in cardiac output 
relative to oxygen consumption at rest and exercise? 9 


ACCEPTABLE TRAINING PROGRAMME 

A training programme for cardiac patients should 
allow individual prescription, be gently graded, safe, 
and cause minimal interference with normal daily 
routine. The 5BX/XBX exercise programme 
satisfied these criteria in normal subjects? and in 
patients with angina pectoris.|? No complications 
attributable to training arose in the eight patients 
who undertook the complete training procedure. 
Several patients approached closely to the age 
related “goal level” of this programme but none 
actually achieved it. This may reflect an initial low 
level of fitness or an inability to attain targets 
predicted from normal individuals. The post- 
exercise heart rate after a training session (recorded 
over the first 20 s after exercise) was between 130 
and 160 beats/min. Individual recovery heart rates 
first became higher and then consistent as training 
progressed. This finding illustrates the carefully 
graded nature of the exercise sequences. 

Twelve weeks after the first postoperative 
exercise test the HR/V o, relation moved to the 
right in the control group, indicating an improve- 
ment in “cardiorespiratory fitness". This trend, 
however, was not maintained over the next 12 
weeks, especially in patients with rheumatic heart 
disease involving the mitral valves. In contrast, 
patients in the test group, in the majority of whom 
the cause of either the aortic or mitral valve lesions 
was rheumatic heart disease, showed an additional 
improvement in cardiorespiratory fitness over 
the same period. This finding is consistent with the 
hypothesis that the 5BX/XBX programme im- 
proved the cardiorespiratory fitness of patients 
in the test group and this occurred against a back- 
ground of “spontaneous” improvement in both 
groups over the first 12 weeks. Most patients with 
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rheumatic heart disease and with mitral valve re- 
placement who did not participate in the training 
programme failed to maintain this improvement. 

Therefore, successful insertion of a prosthetic 
valve did not result in sustained improvement in 
cardiorespiratory fitness 12 weeks after surgery 
but this was endowed by a suitable physical training 
programme. The improvement in the test group was 
reflected in a reported increase in normal daily 
activity compared with control patients. It is not 
known, however, whether this improvement will be 
maintained when regular physical training is 
withdrawn 24 weeks after operation. 


SEQUENTIAL POSTOPERATIVE EXERCISE TESTS 
A progressive limitation of exercise tolerance is a 
common presenting symptom of adult valvular 
heart disease. Functional disability is commonly 
graded in these terms, to lend a degree of 
“objectivity” to the assessment of individual 
patients (for example the widely used New York 
Heart Association classification).!? Assessment by 
means of a formal exercise test is therefore a logical 
development,?° ?! particularly as discrepancies have 
been shown between the subjective account of 
symptoms and the results of exercise tests.?? This 
approach has not been generally adopted, however, 
except as an adjunct to catheter studies. Similarly, 
pre- and postoperative exercise tests, to adjudge the 
efficacy of surgical intervention, have not been de- 
veloped, though several recommendations have been 
made to this effect.?? ?3 

. The results of the present study emphasise the 
individual pattern of recovery observed after cardiac 
surgery. The timing of a sequence of postoperative 
exercise tests would therefore require careful con- 
sideration. A major reason patients gave for con- 
senting to enter this trial was that an exercise test 
would help them find out “what I can do". This 
suggested that sequential postoperative exercise 
tests might play a useful role in the follow-up and 
counselling of these patients. The results in patients 
who developed postoperative complications sup- 
ported this approach, though they were essentially 
anecdotal observations. A formal trial of exercise 
tests used in this manner, however, would indicate 
their value. 


The authors are grateful to Dr D A S G Mary for 
much helpful discussion and to the British Heart 
Foundation for financial support. 
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Assessment of chest pain in hypertrophic 
cardiomyopathy using exercise thallium-201 


myocardial scintigraphy 


DAVID PITCHER, RAY WAINWRIGHT, MICHAEL MAISEY, 


PAUL CURRY, EDGAR SOWTON 


From the Departments of Nuclear Medicine and Cardiology, Guy's Hospital, London 


SUMMARY Exercise thallium-201 myocardial scintigraphy was performed in 23 patients with hyper- 
trophic cardiomyopathy. Eighteen patients presented with chest pain which was a persistent symptom 
in 11. Selective coronary arteriography was performed in 16 patients and showed normal coronary 
arteries in 15 and insignificant luminal irregularities in one patient. 

Eighteen patients had abnormal scintigrams. Three had an abnormal distribution of tracer entirely 
attributable to asymmetric septal hypertrophy, whereas 15 had discrete tracer uptake defects which 
could not be explained solely by myocardial hypertrophy. In this latter group of patients three scinti- 
graphic patterns were identified: (1) in 10 patients defects were seen in scintigrams immediately after 
exercise but not in delayed images obtained four to six hours later. Eight of these patients had chest pain. 
(2) Four patients had uptake defects seen in both initial and delayed images. One patient had chest pain. 
(3) In three patients, one of whom had chest pain, tracer defects were seen only in delayed images and 


were not apparent in the initial scintigrams. 


Chest pain occurred in eight out of 10 patients with scintigraphic evidence of myocardial ischaemia 
but was present in only three out of 13 patients with non-ischaemic scintigrams. 

The value of exercise thallium-201 myocardial imaging as a diagnostic technique in hypertrophic 
cardiomyopathy appears limited. Scintigraphic evidence of regional myocardial ischaemia in the absence 
of significant coronary artery disease, however, contributes to an understanding of the mechanism of 
angina production in patients with hypertrophic cardiomyopathy. 


Despite angiographically normal or dilated coronary 
arteries, anginal chest pain is a dominant symptom 
in many patients with hypertrophic cardiomyo- 
pathy. Exercise thallium-201 (*"'T]) myocardial 
scintigraphy has been shown to be a sensitive 
technique for detecting abnormalities of regional 
myocardial perfusion in patients with angina 
pectoris caused by coronary artery disease.? ? This 
technique has also been used for the detection of 
asymmetric septal hypertrophy in patients with 
hypertrophic cardiomyopathy. Chest pain in 
hypertrophic cardiomyopathy, however, has not 
been studied previously using myocardial scinti- 
graphy. In this communication we report the 
findings on thallium-201 myocardial scintigraphy 
in patients with hypertrophic cardiomypathy, and 
their relation to chest pain. 

Received for publication 6 May 1980 


Patients and methods 


Twenty-three patients (17 male, six female, aged 
26 to 68 years) with hypertrophic cardiomyopathy 
were studied. Eighteen patients presented with 
angina pectoris, which was a persisting symptom 
at the time of investigation in 11. All patients had a 
full clinical examination, resting 12-lead electro- 
cardiogram, and chest x-ray. No patient had hyper- 
tension or aortic valve disease. The diagnosis of 
hypertrophic cardiomyopathy was established by 
echocardiography and contrast left ventriculo- 
graphy. 

Echocardiography showed asymmetric septal 
hypertrophy (septal to posterior wall ratio greater 
than 1-3) in 22 patients. Echocardiographic evidence 
of left ventricular outfiow obstruction (mitral 
systolic anterior motion and/or premature aortic 
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One patient had 
concentric left 


valve closure) was present in 11 
echocardiographic evidence of 
ventricular hypertrophy in the presence of a family 
history of hypertrophic cardiomyopathy and a 
diagnostic angiographic appearance. 

At cardiac catheterisation a left ventricular 
intracavity pressure gradient was detected in 10 
patients at rest and in a further three after isopre- 
naline stimulation. Ten patients had no 
gradient and did not receive isoprenaline 

Contrast left ventricular angiography showed 
systolic obliteration of the ventricular cavity in 14 
patients. Varying degrees of septal and papillary 
muscle hypertrophy were seen in all 23 patients. 
Mild mitral regurgitation was present in 
patients and a moderate degree in one. In 15 
patients normally patent coronary arteries were 
demonstrated by arteriography. One 
patient had minor coronary luminal irregularities 
which were not considered significant. Seven 
patients without persistent chest pain did not have 
arteriography 


resting 


seven 


selective 


selective coronary 


MYOCARDIAL IMAGING 
All patients underwent a graded maximal exercise 


test on a bicycle ergometer with continuous 
monitoring of the electrocardiogram using a single 
electrode in the V5 position. 1:5 mCi ?*"'T] was 
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given intravenously at the limiting end-point of 





exercise (which was angina pectoris in five patients 
and submaximal exercise was continued for two 
minutes 

Myocardial imaging was performed with a 
standard field of view gamma camera (Ohio Nuclear 


Series 100 or 120) equipped with a high sensitivity, 
parallel-hole collimator. Immediately after exercise 
myocardial were obtained routinely in all 
patients in four standard projections (anterior, left 
anterior oblique 45° and 55 , and left lateral) and 
further myocardial images were acquired in selected 
views four to six hours after the initial administra- 
tion of tracer. 200 000 
each projection. The images digitised and 
stored for later retrieval using à dedicated 
computer (Digital Equipment Corporation, Gamma 
11). A 50 per cent background 
polation was applied routinely to all images 
Images were displayed on a television monitor in 
16 grades of colour, linearly related to count 


images 


counts were recorded in 
were 


mini 


erase and inter- 


density. Analysis was performed by two indepen- 
dent observers. The images were classified as 
normal if the distribution of tracer was homo- 


geneous and if the outline of left ventricular myo- 
cardial tracer activity appeared of normal shape and 
symmetry. In addition to any observed 
malities of shape or symmetry, 
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Fig. 2. LAO 45° scintigrams from a patient with hypertrophic cardiomyopathy and normal coronary arteries 
a) immediately after tracer administration during peak exertion and (b) four hours later. A defect of tracer 
uptake ( D) is seen in the septum in (a) Redistribution of thallium to this region seen in the delayed image suggests 


that the defect was the result of regional myocardial ischaemia 


diminished tracer activity were identified and 
classified according to their site (septal, apical, 
inferior, anterolateral, or posterolateral). 

The prevalence of four 
(angina, dyspnoea, palpitation, and syncope) was 
compared with the observed scintigraphic patterns. 


each of symptoms 


Fisher’s exact test was used to assess the statistical 
significance of the results 


Results 


SCINTIGRAPHIC APPEARANCES 

A normal intramyocardial distribution of tracer was 
seen in five patients, one of whom had chest pain. 
Abnormal myocardial scintigrams were found in 18 
patients. Three patients did not have uptake defects 
though the septum was clearly thicker than the 
posterolateral wall in the LAO projection (Fig. ! 

Discrete tracer uptake defects not attributable to 
abnormal anatomy alone were found in the remain- 
ing patients and could be classified into three types: 
1) the initial images of 10 patients (group 1! 
showed discrete areas of diminished tracer accumu- 
lation which later became normal in delayed 
scintigrams (Fig. 2): eight of these patients had 
chest pain; (2) in four patients (group 2) tracer 
defects were present in the initial scintigrams and 
persisted in delayed images and were therefore 
regarded as fixed defects (Fig. 3): one of these 
patients had chest pain; (3) finally in three patients, 


one of whom had chest pain, septal tracer defects 
appeared in the delayed images which had not been 
present in the initial scintigrams (Fig. 4). The 
distribution of the observed defects is shown in the 
Table. 


PREVALENCE OF SYMPTOMS 

The prevalence of anginal chest pain was signifi- 
cantly greater (p < 0-01) in patients in group 1 than 
in the remainder of the patients studied (Fig. 5). 
The prevalence of other symptoms (dyspnoea, 
palpitation, and syncope) was not significantly 
greater in any of the groups of patients described. 


COMPARISON WITH 

ELECTROCARDIOGRAMS 

There was no significant difference in the pre- 
voltage criteria for left ventricular 
hypertrophy between any of the groups of patients. 
Abnormal Q waves were present in 10 patients. 


valence of 


Five of these had septal tracer defects (groups 1 or 2) 
and inferior or inferolateral Q waves. Of the other 
five, three had no tracer defects, one had an apical 
defect, and one a septal tracer defect in the delayed 
images only (group 3 

When the distribution of resting ST segment and 
[I wave abnormalities was compared with that of 
tracer defects 15 out of 19 defects in groups 1 and 
2 had corresponding ST/T abnormalities. The 
three patients in group 3 (reduced septal tracer 
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Fig. 3. LAO 45° scintigrams from a patient x 





administration and (b) four hours later. The defect in tracer 
persistent abnormality in (b 


activity on delayed images only) had no corre- 
sponding septal ST-T changes but showed such 
changes in the inferior and lateral leads. Resting 
ST-T abnormalities occurred in regions without 
tracer defects in 17 patients including eight with no 
defects on their scintigrams. 

Only two patients showed at least 2mm ST 
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measured from the echocardiogram were compared 
in the groups of patients with the different scinti- 
graphic patterns described. There was no significant 
difference in these measurements among the 
various groups, and in particular no significant 
difference was seen when group 1 was compared 
with the remainder. 

Echocardiographic evidence of left ventricular 
outflow obstruction occurred in six patients from 
group 1 and in five other patients. Similarly there 
was no significant difference between group 1 and 
the remainder when left ventricular intracavity 
gradients and left ventricular end-diastolic pressure 
recorded at cardiac catheterisation were examined. 

Estimation of septal and posterolateral wall 
thickness from the left anterior oblique 45° scinti- 
grams was prevented by tracer deficits in the region 
in half of the patients. In the remainder the lack of 
edge definition prevented accurate or consistent 
measurements. l 


Discussion 


Myocardial imaging using ?°!Tl may be used to 
detect regional myocardial ischaemia caused by 
coronary artery disease.? 3 Uptake of this tracer by 
myocardial cells in any region is dependent largely 
on coronary blood flow at the time of tracer ad- 
ministration.» During exercise coronary flow in- 
creases, unless restricted, for example, by a proxi- 
mal coronary artery stenosis. Thus, when ?9'T] is 
given during exercise its delivery to myocardium 
beyond such a stenosis is restricted, while delivery 
to unaffected regions is increased. Furthermore, 
increased oxygen demand during exercise may lead 
to myocardial hypoxia distal to the stenosis. Since 
201T] uptake into myocardial cells is by active, 
ATP-dependent transport requiring oxygen, tracer 


Table Types and distribution of tracer defects seen 
in 15 patients 





No. of distinct defects 
Observed 
abnormality 


No. of 


patients Septal Total 


Apical Inferior 
Ischaemic defects 
seen on initial 
but not on 
delayed images 10 8 4 2 14 


Fixed defects 
seen on both 
initial and 
delayed images 4 3 1 0 4 
Late defects 


seen only on 
delayed images 3 3 0 0 3 
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Chest pain 


number of patients 





non-ischaemic 
Scintigrams 


“Ischaemic” 
scintigrams 


Fig. 5 Prevalence of angina in patients with 
scintigraphic evidence of regional myocardial ischaemia 
(group 1) and in those with non-ischaemic scintigraphic 
appearances. The differences are statistically significant 
(p «0:01). 


uptake is impaired by hypoxia, which further 
enhances tbe relative paucity of tracer accumulation 
in the ischaemic zone. This is seen as an area of 
relatively diminished tracer activity on myocardial 
images acquired immediately after ?*' T] administra- 
tion during exercise. Over the next few hours the 
isotope is redistributed, both to previously ischaemic 
myocardium and to extracardiac organs. Repeat 
imaging several hours after tracer administration 
allows differentiation of transiently ischaemic 
myocardium from a region of previous infarction® 
which will not show accumulation of tracer activity 
in delayed images. 

In hypertrophic cardiomyopathy additional 
factors are encountered which may affect scinti- 
graphic appearances. Septal thickness is increased 
and may be seen as a wider band of tracer activity 
when seen in profile. Septal motion, however, is 
reduced and posterior wall motion often increased. 


Assessment of chest pain in hypertrophic cardiomyopathy 


Since *°:T] scintigrams integrate both systolic and 
diastolic events the profiled image of the septum 
wil appear relatively thinner, and that of the 
posterolateral wall relatively wider as a result of 
these differences in wall motion. Tracer activity in 
hypertrophied papillary muscles and systolic cavity 
obliteration may increase apparent wall thickness 
near the apex. These factors may contribute to an 
increased apparent septal thickness near the apex, 
reported by Bulkley et al.* in hypertrophic cardio- 
myopathy. We consider myocardial scintigraphy 
to be an inappropriate technique for the measure- 
ment of wall thickness, both because of its low 
resolution and because of the tracer defects seen in 
many of our patients. 

The precise significance of some of these defects 
is uncertain. Defects seen on the initial images but 
not on delayed imaging provide evidence, however, 
of regional myocardial ischaemia during exercise 
in the absence of coronary artery disease. Anginal 
chest pain was significantly more common in 
patients with this type of defect. The distribution 
of these defects (Table) corresponds with the known 
distribution of myocardial fibre disarray and hyper- 
trophy in hypertrophic cardiomyopathy,’ but 
regional ischaemia cannot be attributed to myo- 
cardial hypertrophy alone. We found ischaemic 
scintigraphic defects in some of our patients, but 
not in others with an equal degree of hypertrophy. 
We suggest that regional myocardial ischaemia may 
occur when localised abnormalities of contraction 
and relaxation generate high intramyocardial 
pressures in both systole and diastole, and thereby 
reduce local coronary flow. Since the greater part of 
coronary flow occurs in diastole, abnormalities of 
left ventricular relaxation are probably of greatest 
importance in the genesis of myocardial ischaemia. ® 
This is emphasised by the increased incidence of 
angina pectoris associated with impaired left 
ventricular filling in hypertrophic cardiomyopathy. ° 

Two other types of tracer defect were observed in 
our patients. Fixed defects, present in both initial 
and delayed images, probably represent areas of 
myocardial scarring, known to occur in hypertrophic 
cardiomyopathy.!? Alternatively these defects might 
be the result of severe abnormalities of regional 
contraction and relaxation, sufficient to maintain 
ischaemia at rest and prevent redistribution of 
20T] to a region with diminished uptake on the 
initial scintigrams. Septal tracer defects, however, 
seen in three patients in the delayed images only, 
cannot be attributed to septal ischaemia since there 
was no impairment of local ?""T] uptake in the 
initial images. The subsequent appearance of 
relatively reduced tracer activity in the septum after 
several hours may be the result of more rapid tracer 
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elimination from the septum than from the postero- 
lateral wall. Since the regional clearance of ?9"Tl 
from the myocardium is independent of blood 
flow, a more rapid leakage of isotope from ab- 
normal septal myofibrils would provide a possible 
explanation for this phenomenon. Alternatively 
changes in left ventricular geometry or wall motion 
may give rise to an asymmetry of tracer activity, 
even if the intramyocardial distribution is homo- 
geneous. The three patients with this scintigraphic 
pattern had no clinical or other investigatory features 
to distinguish them from the remainder of the 
patients in the study. 

Thus, our findings indicate that at least three 
abnormal scintigraphic patterns, not attributable 
to myocardial hypertrophy alone, may be found in 
patients with hypertrophic cardiomyopathy. In 
particular, scintigraphic evidence of regional myo- 
cardial ischaemia during exercise was found in 
several patients and offers an explanation for angina 
pectoris in this condition. Regional myocardial 
ischaemia could not be identified from the resting 
electrocardiograms and single lead exercise electro- 
cardiography was a relatively insensitive indicator 
of ischaemia in this group of patients. Further 
studies are indicated to establish the clinical and in 
particular the prognostic significance of scinti- 
graphic abnormalities in hypertrophic cardio- 
myopathy. 
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Morphological considerations pertaining to 
recognition of atrial isomerism 


Consequences for sequential chamber localisation 


FERGUS J MACARTNEY,* J ROBERT ZUBERBUHLER,t 
ROBERT H ANDERSON* 


From Institute of Child Health and Cardiothoracic Institute, London 


SUMMARY ‘The atrial morphology and venous connections were assessed “blind” in 51 necropsy speci- 
mens from patients with visceral heterotaxy. This was compared with bronchial morphology as estab- 
lished by dissection. Six specimens were found to have both atria and bronchi in situs solitus or inversus, 
and were rejected. In the remainder, atrial isomerism was diagnosed, though this required minor 
revision of the atrial assessment in two patients. Thirty-four patients had isomeric right atria and 
bronchi, while 11 had isomeric left atria and bronchi. 

In seven cases, splenic status was unknown, but in seven of the remaining 38 (18-495) atrial iso- 
merism was not associated with either asplenia or polysplenia. Nevertheless, right isomerism was 
strongly associated with total anomalous pulmonary venous drainage (as is asplenia) and left isomerism 
was likewise associated with interruption of the inferior vena cava (as is polysplenia). Bilateral superior 
venae cavae and hepatic veins, and absence of the coronary sinus, were frequent in both forms 
of isomerism (as they are in asplenia and polysplenia). 

"These findings suggest that atrial situs can be defined as solitus inversus, right isomerism, and left 
isomerism. This determination of atrial situs is quite independent of any other abnormalities of visceral 
situs. The high incidence of anomalies of both venous return and common atrium resulted in presumed 
complete mixing of blood at atrial level in all but one patient (97:895), making the haemodynamic 
connection between atria and ventricles almost always ambiguous. To describe this anatomical connec- 
tion as ambiguous when there are two ventricles present is therefore no more than a recognition of 
anatomical and haemodynamic reality. 


Visceral heterotaxy presents two fundamental 
questions to the cardiac morphologist. First, are 
the atrial chambers of ambiguous or indeterminate 
morphology,' ? or are they isomeric? Second, if the 
atria are isomeric is it possible to avoid the necessity 
for describing the atrioventricular connection as 
ambiguous? In theory, it might be feasible to 
describe the connections as concordant or discor- 
dant on the basis of analysis of venous connections 
and ventricular morphology. 

A further practical question for the clinician is 
how best to predict the presence of atrial isomerism 
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before cardiac catheterisation. While it is well 
recognised that bronchial morphology correlates 
well with atrial morphology?-? and that bronchial 
situs can be objectively diagnosed in life,® isolated 
exceptions to this rule have been reported.‘ ? ? 
The real question is not whether there are any 
exceptions, but how frequent they are. 

To investigate these questions we have studied 
visceral situs, atrial morphology, and venous con- 
nections in 45 patients in whom the diagnosis of 
visceral heterotaxy was made or confirmed at 
necropsy. 


Subjects and methods 


'The case material came from the necropsy collec- 
tions at The Hospital for Sick Children, Great 
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Ormond Street, the Brompton Hospital, and 
Killingbeck Hospital, Leeds. Cases selected for 
study were those which did not unequivocally have 
situs solitus or inversus, provided that one or both 
lungs were attached to the heart. The mediastinum 
and hila of the specimens were thoroughly dissected 
by one of us (FJM), so as to expose the pulmonary 
veins, pulmonary arteries, and bronchi. Bronchial 
morphology was assessed by noting the course of 
the central pulmonary artery as it continued, 
travelling posteriorly and inferiorly, into the lower 
lobe pulmonary artery. If this arterial pathway 
passed between two bronchi (upper lobe and 
middle lobe) the bronchus was designated epar- 
terial. If it crossed above all bronchi (specifically 
the upper lobe bronchus) the bronchus was 
designated hyparterial.'? 

In this way, 44 specimens were obtained with 
isomeric bronchi (that is bilateral hyparterial or 
eparterial bronchi) In a further specimen one 
bronchus was presumed hyparterial since the lung 
removed at necropsy was bilobed, and the other 
bronchus was definitely hyparterial. There were 
six further specimens with lateralised bronchi, in 
all of which the presence of splenic abnormalities 
or anomalies of abdominal situs not corresponding 
with thoracic situs had raised doubts about whether 
atrial situs was isomeric or lateralised. 

These 51 specimens were all arranged so that 
only the atrial appendages could be seen and then 
RHA assessed atrial morphology, "blind" without 
any other knowledge of the specimen. In all six 
patients with lateralised bronchi, assessment of 
atrial morphology from the external appearance of 


Fig. 1 Photographs illustrating 
the difference between isomeric 
bronchi of right morphology 
(Fig. la) and isomeric bronchi 
of left morphology (Fig. Ib). 
The bronchi of right morphology 
(closed star) are short and the 
pulmonary arteries continuing 
their lower lobe branches pass 
between the first branches of the 
bronchi and the intermediate 
stem bronchi. The bronchi of left 
morphology (Fig. 1b) are both 
long (closed stars) and the 
pulmonary artery supplying the 
lower lobes curves over the 
bronchi before they give their 
first (upper lobe) branch 

(open stars). 
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the appendages alone indicated lateralised situs, 
which was confirmed on inspection of the internal 
anatomy of the atria. The atrial situs corresponded 
to bronchial situs in all six, and was solitus in four 
and inversus in two. These hearts are not described 
further. 

In the remaining 45 specimens, atrial morphology 
was assessed from the external appearance of the 
appendages alone in 39, and the internal morpho- 
logy was not examined until later. After inspection 
of the internal morphology in the remaining six, 
atrial isomerism was diagnosed in all 45 patients 
(see Results). 

In 20 of these specimens the abdominal viscera 
remained attached to the specimen, making precise 
identification of abdominal situs and venous drain- 
age below the diaphragm easy. In the remainder, 
such information was gleaned from the necropsy 
reports, from descriptions of cardiac catheterisation, 
and from angiocardiography or venography. 

The data were then punched on to cards and 
analysed through the University of London 
Computer Centre, using the Statistical package for 
the social sciences employing the y? and Fisher's 
exact test for cross-tabulation. 


Results 


MORPHOLOGY OF BRONCHI (Fig. 1) 

All cases with two lungs had isomeric bronchi. In 
34 they were of right morphology and in 10, of left. 
The remaining case had a left bronchus in one lung 
and was said to have had a bilobed lung on the 
other side. 
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In several cases with bilateral eparterial bronchi, 
the right upper lobe pulmonary artery originated 
early (as frequently occurs in normal individuals)" 
and gave the erroneous initial impression that the 
bronchus was hyparterial since it lay below the 
right upper lobe pulmonary artery. Once dissection 
had been carried immediately distal to the first 
bifurcation of the main bronchus, unequivocal 
diagnosis of the bronchial morphology was straight- 
forward. In two patients, there was a pre-eparterial 
bronchus on each side (designated as morpho- 
logically right). 


Morph. Le Left Pppencage 
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Fig. 2 Photographs of the 
atrial appendages from a heart 
with situs ambiguus and iight 
isomerism. Both appendages are 
biunt and both join with the 
atrial chamber along a broad 
front. Though there is a fold in 
the left-sided morphologically 
right appendage ( Fig. 2b) it 
can clearly be seen that this is 
still a blunt appendage and is of 
right morphology. SVC, 
superior vena cava. 


MORPHOLOGY OF ATRIA (Fig. 2 to 4) 
This was determined on the shape of the atrial 
appendages, and the morphology of the junction of 
the trabecular part of the appendage with the 
smooth walled parts of the atria. Venous connec- 
tions and septal morphology were not considered 
because the venous connections were frequently 
bilateral and the coronary sinus usually absent, 
while the atrial septum was frequently severely 
reduced in size or absent. 

An atrial chamber was considered to have right 
atrial morphology when its appendage was blunt, 


Fig. 3 Photographs showing 
the morphology of the atrial 
appendages in a heart with situs 
ambiguus and left isomerism. 
Both appendages are narrow and 
sinuous and join with the atrial 
chamber along a narrow front. 
Abbreviations as before. 


/ Wi. 1 


660 


and had a broad junction with the smooth walled 
atrium. This type of junction was marked by a 
prominent muscle band protruding into the cavity 
of the chamber, the crista terminalis. 

Left atrial morphology was considered present 
when the left atrial appendage was long and thin 
with constrictions along its length. Such append- 
ages had a more constricted junction with the 
smooth atrium. Though when such left atrial 
chambers were dilated, the junction had a pectinate 
appearance, a prominent crista terminalis was not 
identified. In all the hearts studied, two atrial 
chambers were identified, on the basis of there 


Pectinate muscles 
ki : i 
a) 
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CORRELATION OF ATRIAL WITH BRONCHIAL 
MORPHOLOGY 

In one of the 39 specimens assessed externally, 
initial examination of the atrial appendages led to 
an incorrect diagnosis of situs solitus. This was 
because the right-sided atrial appendage had been 
rendered blunt by atriotomy at attempted surgical 
repair of a complete atrioventricular defect. When 
the internal anatomy was subsequently reviewed, 
it was clear that there was left isomerism. In the 
remaining 38, atrial morphology assessed from 
external appearance alone corresponded with 
bronchial morphology. 





Fig. 4 The opened right-sided atrial appendages illustrated in Fig. 2a and 3a. The atria of right morphology 
(Fig. 4a) shows clearly a well-formed crista separating superior vena cava from the atrial appendage. Note that 
the posterior continuation of the crista has pectinate muscles inserted along its length producing an appearance 
reminiscent of a comb. This arrangement is not seen in the morphologically left atrium illustrated in Fig. 4b. 

In addition there is no crista separating the pectinate muscles of the atrial appendage from the superior vena 

cava in this atrium. The pectinate muscles are anteriorly positioned and fade out as they pass posteriorly. This 

is in contradistinction to the comb-like appearance illustrated in Fig 4a in the morphologically right atrial chamber. 


being two atrial appendages, each with a junction 
with the smooth-walled portion of the atrium. 
These atrial chambers were always both of the 
same morphology, either right morphology (right 
atrial isomerism) or left morphology (left atrial 
isomerism). This is not to be construed as indicating 
the presence of two normal right or left atria, 
simply that the atrial chambers had bilateral 
morphological characteristics of right or left type. 


In the six patients in whom the external appear- 
ances of the atrial appendages were equivocal, the 
internal anatomy of the atria was viewed with the 
remainder of the heart still hidden. In one of these 
hearts, inversus atria were diagnosed on blind 
assessment in the presence of bilateral hyparterial 
bronchi. On review, it appeared that a flap of atrial 
tissue had been mistaken for crista terminalis, so 
the final diagnosis was left isomerism. In the 
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remaining five, atrial morphology corresponded 
unequivocally with bronchial morphology. 

In summary, no case was found with isomeric 
bronchi which did not have isomeric atria. 


ATRIAL MORPHOLOGY AND OTHER 
INDICANTS OF SITUS 

(a) Lung lobulation (Table 1) 

Though there was a highly significant association 
between bilobed lung and left atrium and trilobed 
lung and right atrium, there was a 14-4 per cent 
failure rate of lung lobulation as a predictor of 
atrial situs. 


Table 1 Atrial anatomy and lung lobulation 








Right atrium Left atrium 
Bilobed lung 7 (3090) 16 (70%) 
Trilobed lung 61 (91%) 6 (9%) 





(b) Splenic status (Table 2) 

Polysplenia was strongly associated with left 
isomerism, and asplenia with right isomerism 
(p«0-0001) Nevertheless there were four of 38 
cases (10-595) with a single spleen who had right 
isomerism, with the spleen hypoplastic in only one. 
Furthermore, in three out of 10 cases (3095) with 
left isomerism, there was a single spleen. There 
were thus seven out of 38 patients (18-495) in 
whom atrial isomerism was not associated with 
either asplenia or polysplenia. One patient with 
polysplenia had right isomerism. 


Table 2 Spleen in atrial isomerism 





Single Single Multiple Multiple Absent 
(R) (L) fR) (L) 


Right isomerism* 2 (7%) 2 (795) t (4%) 0 23 (8296) 
Left isomerismf  1(1095) 2 (20%) 2 (20%) 5 (5095) 0 








* Six splenic state unknown. 
+-One splenic state unknown. 


(c) Hepatic position (Table 3) 
This was lateralised in 20 of 37 patients (54-196) 
in whom it was recorded. 


Table 3 Liver position in atrial isomerism 








Right Left Central Unknown 
Right isomerism 7(26%) 6(22%) 142%) 7 
Left isomerism 4(40%) 3 (30%) 3 (30%) 1 





x! 1-4 (not significant), 
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(d) Gastric position 

'There was no pattern noted for gastric position in 
the series as a whole. In any individual case, this 
was often variable because the stomach was ‘sus- 
pended on a long.dorsal mesogastrium, and could 
move easily from one side to the other. 


(e) Gall bladder 
This was absent in:one case with left isomerism 
out of eight in which its morphology had been noted. 


SYSTEMIC VENOUS RETURN 

An interrupted inferior vena cava (Table 4) occurred 
in seven out of 11 patients (63:695) with left 
isomerism, and in none with right isomerism. The 
hepatic veins (Table 5) frequently either straddled 
the atrial septum, or drained separately to both 
atria or both sides of a common atrium. 


Table 4 Azygos continuation in atrial isomerism 








None Right Left 
Right isomerism 34 (100%) 0 0 
Left isomerism 4 (36%) 1 (9%) 6 (55%) 





x!» 25-6 (p < 00001). 


The superior venae cavae were bilateral in 20 out 
of 45 patients (44-4%), there being an atretic cord 
on one side and a patent vessel on the other in a 
further three. In only one patient (with left iso- 
merism) did one superior vena cava (the left) drain 
to a coronary sinus. In all others, the coronary sinus 
was absent, and the superior venae cavae drained 
to the “top corners" of the atria in close proximity 
to the atrial appendage. No patient with right 
isomerism had a coronary sinus, though two with 
left isomerism did. The type of isomerism was not 
associated at a statistically significant level with 
either absence of the coronary sinus or bilateral 
superior vena cava. 


Table 5 Hepatic venous drainage in atrial isomerism 





Unilateral Bilateral Straddling 
Right isomerism 25 (713%) 6 (18%) 3 (9%) 
Left isomerism 8 (73%) 2 (18%) 1 (995) 





x17 0-003 (not significant). 


PULMONARY VENOUS RETURN 

In seven out of 11 patients (63-696) with left 
isomerism, two pulmonary veins returned to each 
atrium or each side of a common atrium, whereas 
in the remainder all pulmonary veins drained to 
one atrium. Bearing in mind that there were 


= = 


giPost atrium|s 





Fig. 5 Photographs illustrating the different mode of 
insertion of the pulmonary veins into the atrial chambers 
in left isomerism and right isomerism. Fig. 5a shows the 
left-sided atrial chamber (of left atrial morphology ) 

in a patient with left isomerism. The left superior vena 
cava is seen entering the roof of the atrium between the 
appendage and a broad posterior atrial wall. There is 
azygos continuation for the inferior vena cava to the 
left-sided cava. The pulmonary veins enter the broad 
posterior wall of the chamber with a considerable 
distance between left pulmonary veins and the cava 

and between left pulmonary veins and right pulmonary 
veins (not visible in this photograph). Fig. 5b shows 
the drainage of the pulmonary veins from both lungs 
(bilat PV) to the roof of the atrial chambers in a 
patient with situs ambiguus and right isomerism. 

Note the right-sided crista. The pulmonary veins enter 
closely together into the roof of the atrial chambers, 
and are quite differently inserted from either the normal 
heart or the patient illustrated with left isomerism. 


bilateral left atria, pulmonary venous drainage 
could be regarded as normal, particularly in the 
way the veins returned to the heart. There was the 
normal wide area of posterior atrial wall between 
the pulmonary veins when the heart was viewed 
from the back (Fig. 5a) 
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In contrast, pulmonary venous return was 
anomalous in all but one patient (97-0%,) with right 
isomerism. The site of pulmonary venous return 
was unknown in one, but was presumably anoma- 
lous, since no pulmonary veins were seen entering 
the atria. In eight patients out of 33 (242%), 
though the veins returned to one or other atrium 
or a common atrium, the connection with the heart 
was abnormal in that, viewed from behind, there 
was a very small area of atrial wall between the 
points of entry of the pulmonary veins (Fig. 5b). 
In three of these patients the veins became con- 
fluent before entry into the atrial mass via a single, 
obstructed, common vein. In a further patient half 
the pulmonary veins returned to the atrial mass 
and half to the portal vein. The sites of pulmonary 
venous return in right isomerism are given in 
Table 6. Table 7 compares pulmonary venous 
return in the two forms of isomerism. 





Table 6 Pulmonary venous drainage in atrial isomerism 
Superior vena cava 9 
Infradiaphragmatic (6 portal) 8 
Atrium 8 
Mixed 6 
Vertical vein 2 
33 
Unknown 1 





Pulmonary venous return was judged obstructed 
on anatomical grounds in 12 out of 31 cases (38-7?) 
of right isomerism. In three cases it was not known 
whether there was any obstruction, 


Table 7 Anomalous pulmonary venous drainage in 
atrial isomerism 








None Partial Complete Unknown 
Right isomerism 1 G*$) O0 32 (97%) 1 
Left isomerism 4 (36°53) 27(647) 0 0 





72 = 39-7 (p « 0:001). 


OVERALL VENOUS RETURN 

We defined a *solitus" venous connection as one 
in which the systemic veins drained to the right- 
sided atrium (or right side of a common atrium) 
and the pulmonary veins drained to the left-sided 
atrium (or left side of a common atrium). An 
“inversus” connection was the inverse of the above. 
Otherwise the venous connection was termed 
“ambiguous”. An “ambiguous” connection was 
extremely common (Table 8). 


ATRIAL SEPTATION 
In 14 patients with right isomerism (42-4%), and 
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in none with left isomerism, there was a simple, 
narrow, strand of atrial tissue running across the 
atrial cavity from immediately anterior to a com- 
mon atrioventricular orifice to the posterior atrial 
wall a little above the common atrioventricular 
orifice (Fig. 6). In four further patients with right 
isomerism, this simple strand became an extended 
strand by broadening out superiorly and inferiorly 
at its posterior end. The superior end of the exten- 
sion ran to a point just medial to the entry of one 
superior vena cava, and the inferior end ran to a 
point just medial to the entry of a hepatic vein. 

In two patients with right isomerism there was 
a superior rim of atrial septum only, less than 2 mm 
in depth. 

The degree of atrial septation is shown in Table 
9. For the purpose of assessing the haemodynamic 
state, a common atrium was held to be present 
when the maximum extent of the atrial septum 
was a superior rim or extended strand. Thus 
common atrium was present in 25 (56:8",,) cases, 
21 with right isomerism and four with left 
isomerism. 


Ly 


Cristae 





Fig. 6 Photograph of the atrial chambers opened from 
behind and retracted upwards in a patient with situs 
ambiguus and right isomerism. The bilateral cristae 

are seen in the roof of the atrium. There is a common 
atrioventricular orifice draining both atrial chambers 

to the ventricular mass. The atrial chamber is crossed 
by a strand of tissue passing from the posterior atrial 
wall to the anterior atrioventricular junction. This is 
the only evidence of a septum in these atrial chambers, 
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Table 8 Venous connections in atrial isomerism 
——M— MÓÁ— 
** Solttus"" 


*! Inversus" ** Ambiguus"" 








Right isomerism* 0 1 (355) 32 (97 


Left isomerism 2 (1875) 1 (9?,) 8(73 


* Pulmonary venous return unknown in one. 


OVERALL MIXING OF VENOUS RETURN 

In an attempt to correlate anatomy with haemo- 
dynamics, we presumed that if there was a common 
atrium or an "ambiguous" venous connection or 
an absent or imperforate atrioventricular valve, 
there would be complete mixing of venous return 
from the body and lungs. Otherwise there would 
be streaming. 

Thus defined, complete mixing was present in 
44 out of 45 patients (97-8",,). The only patient in 
whom streaming was present at atrial level also 
had pulmonary atresia, and therefore complete 
mixing at ventricular/great artery level. 


HEART POSITION 

The main bulk of the heart was to the right in 13 
out of 45 patients (28:9",), to the left in 31 out of 
45 (68:9",), and in the middle in one. There was 
no significant difference between right and left 
isomerism in this respect. 


AGE AT DEATH 
The median ages at death were 1-1 months for 
right isomerism and 1-75 months for left isomerism. 


Discussion 


The cardiac lesions associated with visceral hetero- 
taxy are of extreme complexity, so, for the sake of 
clarity, we have restricted ourselves in this presen- 
tation to consideration of visceral situs, venous 
return to the heart, and atrial morphology. The 
anatomy from the atrioventricular valves down- 
stream is described elsewhere." 

It is now generally agreed? * 1 !? that the method 
of sequential chamber localisation introduced by 
Van Praagh et a/.'* is the best way of classifying 
congenital heart disease. This method starts with, 


Table 9 Atrial septum in atrial isomerism 
——————— 
Superior 


None Strand rim Primum PFO or 

only ASD intact 

Right isomerism  (3",) 18 (55 2 (6 9 (27 3 (9 
Left isomerism 4 (36 0 0 5 (46 2 (18",) 


ASD, atrial septal defect; PFO, patent foramen ovale. 
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and is therefore, founded upon, the identification 
of atrial situs. Yet no agreement exists on how 
many types of atrial situs exist. While all aver that 
situs solitus and inversus are discrete entities, some 
have suggested!’ that these two categories alone 
may be sufficient. Others have added situs indeter- 
minatus,! 15 18 ejther encompassing both poly- 
splenia and asplenia!!5 or else excluding poly- 
splenia.? Others maintain that situs ambiguus 
consists of two separate entities, categorised either 
as asplenia and polysplenia? ^ or as right and left 
isomerism.* ? 

We suggest that the relative merits of these 
alternatives can be assessed by asking the following 
four questions, in descending order of importance. 
Can they be reliably distinguished; are they based 
upon anatomical facts; are they of more than 
academic importance; and do they relate to the 
heart? 

'The concept of there being only two forms of 
atrial situs!” falls at the first fence. This is because 
the suggested criterion for the morphologically 
right atrium is the termination of the supradia- 
phragmatic inferior vena cava.!5 If there are only 
two types of situs, then it is essential to be able to 
trace the inferior vena cava to either one or the 
other atrium. But our series includes four patients 
in whom the supradiaphragmatic inferior vena cava 
straddled the atrial septum to connect with both 
atria. In a further five patients, the inferior vena 
cava was interrupted and hepatic veins separately 
entered both atria. There was no way in these cases 
of deciding which hepatic vein was in reality the 
supradiaphragmatic inferior vena cava. So all of 
these patients, according to the criterion of drainage 
of the vena cava, had right isomerism, which is 
neither situs solitus nor inversus. There must 
therefore be at least three types of situs. But are 
these three types solitus, inversus, and asplenia 
(right isomerism)? 

If the asplenia syndrome is the only form of situs 
indeterminatus (ambiguus) then all cases of 
“polysplenia” must have situs solitus or situs 
inversus. This proposition would not account for 
the distinctive morphological appearances of the 
atria in left isomerism? * * confirmed by our own 
studies, nor for the abnormal site and size (or even 
absence) of the sinus node in this condition.!? 
Even if atrial morphology were ignored, it would 
be impossible on this basis to classify patients with 
polysplenia who had the abnormalities of inferior 
vena caval and hepatic venous drainage described 
above. The very fact that *polysplenia" is neither 
situs. solitus nor inversus nor asplenia means that 
a further category of situs is necessary. Therefore, 
is “polysplenia” a variety of situs ambiguus? Since 
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it forms a syndrome characterised not. only by 
abdominal and thoracic abnormalities, but also by 
a constellation of cardiac defects, we agree with 
Stanger et al.‘ that it is indeed a variety of situs 
ambiguus. 

We are then left with the question of how to 
subdivide and describe those patients who have 
neither atrial situs solitus nor inversus. The 
strongest argument in: favour of retaining the 
blanket term “situs indeterminatus" would be that 
it is an honest recognition of uncertainty. This con- 
cept seems to us to have great merit in describing 
general visceral situs. Our study bas confirmed 
repeated observations by others,! ? * ?9-?? that there 
is no consistent pattern of arrangement of either 


abdominal viscera or even of lung lobes in situs 


ambiguus. In short, there is visceral heterotaxia. 
But our results also show that this uncertainty need 
not be extended to encompass the bronchi and 
atria. The importance of bronchial anatomy in 
visceral heterotaxy was first noted by Brandt and 
Liebow,!° and subsequently confirmed in small 
series of patients by others.??-?* The only large 
series of personally studied patients with situs 
ambiguus in whom bronchial anatomy was reported 
is that by Stanger et al,* who found isomeric 
bronchi in all of 35 patients with asplenia or 
polysplenia. We have found bronchial isomerism 
in all of 45 patients with isomeric atria. Thus, 
though one case bas been described in which the 
patient had asplenia and isomeric atria but solitus 
bronchi,? there does appear to be very great general 
consistency in the bronchial branching pattern in 
situs ambiguus. Furthermore this takes two distinct 
forms, one with bilateral right, and one with 
bilateral left bronchi. 

As to the consistency of atrial morphology, there 
is no question that in individual cases of visceral 
heterotaxy, the general disturbance of atrial 
anatomy can make identification of the atria diffi- 
cult. But by assessing the morphology blind, and 
including patients with lateralised situs as well as 
those with atrial isomerism in the assessment, we 
have shown that an experienced observer can 
reliably identify atrial isomerism. Since that assess- 
ment corresponded exactly to bronchial morpho- 
logy, and because it was so different for patients 
with on the one hand, anomalous pulmonary 
venous return, and on the other hand interruption 
of the inferior vena cava, we contend that right and 
left atrial isomerism are biological and anatomical 
realities and not simply “convenient mnemonics".? 

This view is supported by examination of the 
conduction system.!? ?? *$ Right isomerism is charac- 
terised by bilateral sinus nodes, which are right- 
Sided structures, whereas in left isomerism the node 
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is either absent or else displaced and hypoplastic. 

For the reasons outlined we endorse whole- 
heartedly the view’ that situs ambiguus should be 
divided into two categories. We do not consider, 
however, that “‘polysplenia” and ‘“‘asplenia” are 
the optimal terms for these sub-categories. It is 
our preference to divide atrial situs ambiguus into 
right isomeric and left isomeric forms. There are 
many reasons for this. 

Firstly, we lose no accuracy in predicting other 
associated cardiac anomalies. All the associations 
we have shown with right isomerism have previously 
been described for asplenia? 425 26 2? while those 
for left isomerism have been described for poly- 
splenia.5 4 22 26 This applies not only to anomalies 
of venous connections and atrial morphology 
presently described but also to the anatomy of the 
atrioventricular valves and the region distal to 
them.!? 


Secondly, we are describing a segment of the 


- heart, which is surely more appropriate for a 


cardiac nomenclature than one incorporating a 
description of the spleen.* 

Thirdly, the relation between left isomerism and 
polysplenia, right isomerism and asplenia is close, 
but not one to one. Indeed we found 18-4 per cent 
of patients with isomeric atria and bronchi who 
did not have asplenia or polysplenia. The asplenia 
syndrome without asplenia (sic!) has also been 
described by others.? ?8 

Finally, diagnostic “labels” affect the way in 
which patients are investigated. Cardiologists are 
becoming accustomed to being able to attach 
exceedingly accurate diagnostic labels to their 
patients. The label “polysplenia” cannot be 
attached with certainty until the diagnosis of 
polysplenia is established. Since this is not always 
possible with splenic scintigraphy because of 
inadequate resolution,? ???? the temptation is to 
proceed to splenic arteriography.*! This we regard 
as unfortunate, because as far as we know, poly- 
splenia per se does not harm the patient and its 
demonstration will not affect management. By 
contrast, it is very important to know before 
cardiac catheterisation whether or not there is left 
or right isomerism because this immediately 
enables a number of predictions to be made about: 
the cardiac anatomy. The value of recognition of a 
strong possibility of total anomalous pulmonary 
venous return or interruption of the inferior vena 
cava before cardiac catheterisation has already been 
stressed.5 32 

It has been shown that bronchial visualisation 
provides a completely objective means of assessing 
bronchial morphology, and that this is usually 
simple even in infants.?? These studies provide the 
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proof that this in turn reliably predicts atrial 
morphology. We accept that occasional exceptions 
to this rule exist, 5? but their existence is no 
reason for carrying out selective atrial appendage 
injections of contrast medium? in every patient. 
Rather, these should be performed when there are 
good grounds for suspecting a failure of prediction, 
for example, a hypothetical patient with laevo- 
cardia, a patent foramen ovale, normally related 
ventricles, and normally connected great arteries, 
who has isomeric right bronchi. 


RELEVANCE OF ASPLENIA 

While we take the view that splenic status is 
irrelevant to the segmental description of the heart, 
this is not to. suggest that it does not matter to the 
patient, since asplenia carries with it an increased 
risk of overwhelming infection, particularly by the 
pneumococcus, and long-term prophylactic anti- 
biotics may be indicated.** In several of the patients 
known to have asplenia in this study, Howell-Jolly 
bodies were sought in the peripheral blood and not 
found, so they are not completely reliable as 
predictors of asplenia. We suggest therefore that 
patients with either isomeric right bronchi or 
persistent Howell-Jolly bodies in the blood smear 
should be considered for long-term antibiotics on 
the presumption that they have asplenia or splenic 
hypoplasia. 


EFFECT UPON THE TYPES OF 
ATRIOVENTRICULAR CONNECTION 

Use of the terms “concordant” and “discordant” 
to describe the atrioventricular connection was 
first introduced by Van Praagh et al.® but then 
abandoned because they were not applicable in 
situs ambiguus.? We have retained them!^ because 
they convey anatomical and haemodynamic infor- 
mation. In the majority of cases of atrial isomerism™ 
the type of atrioventricular connection can be very 
simply described as double inlet, absent left con- 
nection, or absent right connection.'4 It is only in 
those hearts with two ventricles that the problem 
arises. 

As indicated in the introduction, if it could be 
shown that the venous return in atrial isomerism 
could be considered lateralised, then the terms 
concordant and discordant could still justifiably be 
used. Our results show conclusively that this is not 
the case. The anatomy in all but one patient 
(97-895) was such that complete mixing of pul- 
monary and systemic venous blood would have 
occurred at atrial level. For this reason, we see no 
alternative to describing the type of atrioventricular 
connection as ambiguous in hearts with isomeric 
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atria and two ventricles. This term conveys much 
anatomical information, indicating as it does that 
two ventricles are present. And no haemodynamic 
information is lost in the majority of cases, because 
pulmonary and systemic venous blood have already 
mixed completely at atrial level. There may be a 
tiny minority of patients in whom further brief 
haemodynamic information might be useful. 

An example would be a patient with an anomaly 
resembling in every way a typical ostium primum 
atrial defect except that there was interruption of 
the inferior vena cava with right-sided azygos 
continuation, left isomerism, and polysplenia. To 
describe this heart as left isomerism-ambiguous- 
concordant (quasi normal situs and connections) 
conveys considerably more information than the 
pure segmental notation, whether this be ambiguous- 
ambiguous-concordant,4 polysplenia-d-loop(L)-d- 
normal* or (A-D-S).** This extremely rare and 
eminently soluble problem seems to us a poor 
reason for abandoning the concept of concordance 
and discordance? which we and others?* have found 
most helpful. 
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Correlation between changes in systolic time intervals 
and left ventricular end-diastolic diameter after preload 
reduction 


Non-invasive monitoring of pharmacological 
intervention” 
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SUMMARY In order to measure the effect of a decrease in preload on systolic time intervals and left 
ventricular end-diastolic diameter (LVEDD) measured by echocardiography, eight healthy young 
subjects were given 40 mg frusemide intravenously. The pre-ejection period index (PEPI) increased and 
the left ventricular end-diastolic diameter decreased. A correlation between APEPI and ALVEDD was . 
shown. Using changes in systolic time intervals in the evaluation of changes in contractility it is im- 
portant to correct for changes in preload. For normal subjects it is suggested that the relation between 
APEPI and ALVEDD as a percentage of the mean values should be used for this correction. A method 
is suggested for estimating the changes in pre-ejection period index induced by changes in left ventricular 


end-diastolic diameter. 


Systolic time intervals are influenced by preload, 
afterload, and myocardial contractility.-* Thus, 
given a constant pre- and afterload or provided that 
the relative influence of pre- and afterload can be 
accounted for, changes in systolic time intervals can 
be used as an indicator of changes in myocardial 
contractility. 

No feasible method exists for measuring preload 
non-invasively. Alterations in left ventricular end- 
diastolic diameter, however, can be used as an 
indicator of changes in preload,’ especially in acute 
studies where changes in myocardial compliance, 
not caused by volume changes, may be considered 
minimal. 

The present study was undertaken in order to 
examine whether a preload reduction induced by 
frusemide, 40 mg intravenously, would cause a 
decrease in left ventricular end-diastolic diameter 
detectable by quantitative echocardiography. 

Simultaneous measurements of systolic time 


*Supported in part by the Danish Heart Foundation and “Fonden 
til Laegevidenskabens Fremme”. 
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intervals were performed in order to investigate 
whether an expected decrease in cardiac perfor- 
mance, as recorded by systolic time intervals, could 
be correlated with left ventricular end-diastolic 
diameter. 


Subjects and methods 


Eight healthy subjects, five male and three female, 
aged 21 to 28 years, volunteered for the study by 
written informed consent. After voiding urine, they 
were weighed and control recordings of systolic 
time intervals, left ventricular end-diastolic dia- 
meters, and blood pressures were made. 

Frusemide, 40 mg, was given intravenously. 
After 15 and 30 minutes repeated measurements of 
systolic time intervals, left ventricular end-diastolic 
diameter, blood pressure, weight, and diuresis were 
performed. 

Systolic time intervals were recorded at a paper 
speed of 100 mm/s on a Siemens Mingograph 62 
using two Siemens 860 transducers, for phono- 
cardiography and carotid pulse wave tracings. 
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During 10 consecutive beats, total electromecha- 
nical systole (QSry), left ventricular ejection time 
(LVET), and pre-ejection period (PEP) were 
measured and corrected for heart rate (QSr, 
LVETI, PEPI)5 PEP/LVET was calculated from 
the uncorrected data. 

Echocardiography was performed using either 
an Aloka SSD 110S-E instrument interphased to a 
Honeywell 1856A Visicorder or a Mediscan 30 
ultrasonic apparatus in combination with a Cam- 
bridge multichannel recorder. The echocardiogram 
"was recorded in the left lateral position during 
normal, quiet respiration. Left ventricular end- 
diastolic diameter was measured in five consecutive 
beats immediately inferior to the mitral leaflets at 
the peak of the electrocardiographic R wave. 

The reliability of the measured values was tested 
as follows. The systolic time intervals were analysed 
blindly by two observers. The mean interobserver 
differences were: 0-4 per cent for QS 1I, 0-5 per 
cent for left ventricular ejection time index, 
1-1 per cent for pre-ejection period index, and 2:3 
per cent for PEP/LVET. In order to avoid inter- 
Observer variations, the echocardiograms were 
analysed blindly by a single observer. Repeated 
examinations of left ventricular end-diastolic 
diameter in eight persons with a 10 week interval 
have previously shown a mean difference of 2-3 per 
cent (H Egeblad, unpublished data). 

Corresponding data for each individual were 
compared using Student’s t test for paired data. 
Correlations were calculated using Spearman’s 
rank correlation and least square linear correlation. 


‘When expressing percentage changes, regression 


towards the mean was avoided by conventional 
statistical methods.* 


PEPI 
ms 


140 
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Table 1 Weight, diuresis, pulse rate, and blood 
pressure + 1 SEM before and after frusemide 

Control 15 min — 30 min 
Weight (kg) 66:8 43:0 65:8 +3-0 
Diuresis (ml) 456 +79 947 +67 
Pulse rate (beats/min) 71 45 68 +4 66 +4 
Systolic blood pressure (mmHg) 138 +8 14047 13747 
Diastolic blood pressure (mmHg) 81 +7 84 +6 83 +6 





Results 


The changes in body weight, pulse rate, and blood 
pressure are seen in Table 1. The variation in pulse 
rate and blood pressure were not statistically 
significant. The diuresis (mean +SEM) was 456 + 
79ml and 947 +67 ml after 15 and 30 minutes, 
respectively. Alterations in systolic time intervals 
and left ventricular end-diastolic diameter were 
observed after 15 minutes. For left ventricular end- 
diastolic diameter, QSyyI; and left ventricular 
ejection time index the changes were not significant 
until after 30 minutes (Table 2). 

The relation between left ventricular end-diastolic 
diameter and pre-ejection period index is visualised 
in Fig. 1. The relation between left ventricular 
end-diastolic diameter and PEP/LVET was similar. 

The correlation coefficients between changes in 
left ventricular end-diastolic diameter (ALVEDD) 
versus changes in systolic time index and diuresis 
are seen in Table 3. No correlation was found 
between ALVEDD and the absolute diuretic 
volume or the diuretic volume as a percentage of the 
initial body weight. A correlation was shown be- 
tween ALVEDD and changes in systolic time 
intervals, both when a linear and a non-linear 


Fig. 1 Simultaneous 
measurements of left ventricular 
end-diastolic diameter (LVEDD) 
and pre-ejection period index 





40 (PEPI) before (@) and 30 
minutes after ( X ) frusemide, 
90 & 40 mg intravenously. 
80 
70 LVEDD 
L mm 
30 35 40 45 50 55 
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Table 2 Left ventricular end-diastolic diameter and systolic time intervals before and after frusemide (mean + 1 SEM) 








Control 15 mín 30 min 
LVEDD (mm) 48:6 +23 46:9 +23 NS 461 +23 p<O01 
QSnI (ms) 529 +6 529 +8 NS 524 +7 p<0-05 
LVETI (ms) 419 x4. 410 +4 NS 397 +4 p«0-001 
PEPI (ms) 110 +6 119 x5 p<0-05 127 +6 p«0-005 
PEP/LVET 0:270 3:0-023 0:304 «0-012 p<0-05 0-348 40-019 p«0-005 





method was used (Table 3). The relation between 
ALVEDD as a percentage of the mean value and 
APEPI as a percentage of the mean value is de- 
picted in Fig. 2. 


Discussion 


Left ventricular end-diastolic volume and left 
ventricular end-diastolic diameter are very sensitive 
to changes in filling pressure, if the ventricle is not 
overloaded.** 8 In this situation it is therefore 
possible to use changes in left ventricular end- 
diastolic diameter as an indicator of changes in 
preload. 

The haemodynamic effects of frusemide are not 
the result of changes in contractility,? but are 
mainly caused by a decrease in preload.!? 9 Ac- 


APEPI % 






A LVEDD 
VA 


Fig.2 The calculated correlation between percentage 
change in pre-ejection period index (APEPI%) and 
percentage changes in left ventricular end-diastolic 
diameter (ALVEDD%). The dotted lines represent 
95 per cent confidence limits. 


cording to the Starling principle, a decrease in. 
preload will lead to a decrease in cardiac per- 
formance if the left ventricle is not overloaded.* !3 
'The first 30 minutes after frusemide administra- 
tion the effect on preload is mainly the result of an. 
increase in venous capacitance and only later of a. 
decrease in plasma volume.!? This offers an ex- 
planation of the lack of correlation between. 
ALVEDD and diuresis in the present study. 


Table 3 Nonlinear and linear correlation between 
ALVEDD and changes in systolic time intervals and 
diuresis after both 15 and 30 minutes 








Ts P? T P 
ALVEDD versus AQSnI 0-467 NS 0.249 NS 
ALVEDD versus ALVETI 0:579 «0-05 0.569 «0-05 
ALVEDD versus APEPI —0-708 «0-01 -0-660 «0-01 


ALVEDD versus APEP/LVET -0:711 «001 
ALVEDD versus diuresis -0158 NS 


70-666 
-044 NS 





rs —Spearman's rank correlation coefficient. 
r=linear correlation coefficient. 


The systolic time intervals with the closest cor- 
relation to invasive measurements of myocardial 
contractility are pre-ejection period index and 
PEP/LVET ? 1 This study shows the feasibility of 
measuring a change in cardiac performance by 
systolic time intervals and a decrease in left ven- 
tricular end-diastolic diameter caused by a decrease 
in preload after an intravenous dose of 40 mg 
frusemide. 

Similar changes in systolic time intervals! ?$ and. 
left ventricular end-diastolic diameter!? have been 
obtained when the decrease in preload was induced 
by tilting, dialysis, or administration of glyceryl 
trinitrate. The importance of correlating changes 
in these indices has not previously been stressed. 
Using the pre-ejection period index and PEP/LVET 
for the evaluation of cardiac effects of drugs, it is 
therefore important to bear in mind that haemody- 
namic changes, measured by systolic time intervals, 
may not only be the result of changes in contractility. 

In a group of subjects, as in this study, Fig. 2 can - 
be used to estimate whether the haemodynamic 
effect of a drug or a physiological manoeuvre can be 
explained by changes in preload or contractility or 
both. For example, if a drug induces a decrease in 
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left ventricular end-diastolic diameter of 5 per cent, 
this may cause an increase in pre-ejection period 
index of 1 to 13 per cent. Thus, only if an increase in 
pre-ejection period index greater than 13 per cent is 
encountered, is an additional mechanism such as 
decreased myocardial contractility necessary to 
explain the results. This figure will not necessarily 
be valid for a group of patients with heart disease, 
with abnormal left ventricular compliance and size. 

The present study has shown a statistically 
significant correlation between a decrease in left 
ventricular end-diastolic diameter as an indicator of 
preload and changes in pre-ejection period index 
and PEP/LVET in normal subjects. We feel con- 
fident that combined measurements of systolic time 
intervals and echocardiographic determinations of 
left ventricular end-diastolic diameter will improve 
the ability to evaluate the haemodynamic effects of 
drugs. 
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Report of the WHO/ISFC task force on the 
definition and classification of cardiomyopathies" 


Definition 
*Cardiomyopathies are heart muscle diseases of 
unknown cause". 


Classification 
|. Dilated cardiomyopathy 
Hypertrophic cardiomyopathy 
Restrictive cardiomyopathy 


DILATED CARDIOMYOPATEY 

'The condition is recognised by dilatation of the left 
or right ventricle, or both ventricles. Dilatation 
often becomes severe and is invariably accompanied 
by hypertrophy. Systolic ventricular function is 
impaired. Congestive heart failure may or may not 
supervene. Presentation with disturbances of 
ventricular or atrial rhythm is common and death 
may occur at any stage. 


HYPERTROPHIC CARDIOMYOPATHYT 

This condition is characterised by disproportionate 
hypertrophy of the left ventricle and occasionally 
also of the right ventricle which typically involves 
the septum more than the free wall but occasionally 
is concentric. Typically the left ventricular volume 
is normal or reduced. Systolic gradients are 
common. 

Inheritance is usually by an autosomal dominant 
gene with incomplete penetrance. Characteristic 
morphological changes, usually most severe in the 
septum, have been described. 


RESTRICTIVE CARDIOMYOPATHY 

This may exist either with or without obliteration. 
Restrictive cardiomyopathy includes endomyo- 
cardial fibrosis and  Lófflers cardiomyopathy 
(endocarditis parietalis fibroplastica). It is proposed 


*The Task Force met on Monday 23 June 1980 in Paris and was 
attended by the following: R O Brandenburg, E Chazov, G Cherian, 
A O Falase, Y Grosgogeat, C Kawai, F Loogen, V Martin Judez, 
E Orinius, J F Goodwin, E G J Olsen (Chairman), C M Oakley 
(Rapporteur), Z Pisa (Secretary). 

Asymmetrical hypertrophy 

Asymmetric septal hypertrophy, etc. 
TPreviously known as: 

Idiopathic hypertrophic subaortic stenosis 

Muscular subaortic stenosis 

Obstructive cardiomyopathy 

Asymmetrical hypertrophy 

Asymmetric septal hypertrophy, etc. 


that this condition should be referred to as eosino- 
philic endomyocardial disease. 

Endomyocardial scarring usually affects either 
one or both ventricles, and restricts filling. In- 
volvement of the atrioventricular valves is common 
but the outflow tracts are spared. Cavity obliteration 
is characteristic of advanced cases. 


“Unclassified cardiomyopathy" covers a few 
cases which do not fit readily into any group. This 
includes some with minor abnormalities in which 
progression to overt cardiomyopathy may or may 
not occur. This has been referred to as latent 
cardiomyopathy. 


Specific heart muscle disease 


DEFINITION 
Heart muscle disease of known cause or associated 
with disorders of other systems. 

Disorders of the myocardium caused by systemic 
or pulmonary hypertension, coronary artery disease, 
valvular heart disease, or congenital cardiac anom- 
alies have been excluded. It was felt that further 
extension of the classification to include these 
conditions would have so widened its scope as to 
render it useless. 


Classification 


INFECTIVE 

Viral myocarditis, for example Coxsackie. Rickett- 
sial myocarditis, for example Coxiella. Bacterial, 
for example staphylococcal. Fungal, for example 
aspergillus. Protozoal, for example Chagas’s. Meta- 
zoal, for example filarial. 


METABOLIC 

Endocrine 

Thyrotoxicosis, hypothyroidism, adrenal cortical 
insufficience, phaeochromyocytoma, acromegaly. 


Familial storage disease and infiltrations 
Haemochromatosis, glycogen storage disease, Hur- 
ler’s syndrome, Refsum’s syndrome, Niemann-Pick 
disease, Hand-Schiiller-Christian disease, Fabry- 
Anderson disease, Morquio-Ullrich disease. 
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Deficiency 
Disturbances of potassium metabolism, magnesium 
deficiency, and nutritional disorders such as 


` Kwashiorkor, anaemia, and beri-beri. 


Amyloid 

“Primary”, "secondary", “familial”: hereditary 
cardiac amyloidosis, familial Mediterranean fever, 
senile. 


GENERAL SYSTEM DISEASES 

Connective tissue disorders 

Systemic lupus erythematosus, polyarteritis nodosa, 
rheumatoid arthritis, scleroderma dermatomyositis. 


Infiltrations and granulomas 
Sarcoidosis, leukaemia. 


HEREDOFAMILIAL 
Muscular dystrophies 
Duchenne, dystrophia myotonica. 


Neuromuscular disorders 
Friedreich’s ataxia. 


SENSITIVITY AND TOXIC REACTIONS 
Sulphonamides, penicillin, antimony, cobalt, eme- 
tine, alcohol, isoprenaline, anthracyclines, irradia- 
tion, alcohol. 


The majority of specific heart muscle diseases are 
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associated with dilatation of the ventricles but there 
are many exceptions. Localised infiltrations may 
cause disturbances of rhythm or conduction without 
generalised myocardial dysfunction. Amyloid in- 
filtration is associated with a unique haemodynamic 
fault and glycogen storage disease may be associated 
with a hypertrophic picture. 

Alcoholic heart disease. Heart disease may be 
associated with a heavy alcohol intake. At present 
we cannot define a causal versus a conditioning role 
of alcohol nor apply precise diagnostic criteria. 

Peripartal heart disease. Heart disease may first 
manifest in the peripartum period. This is probably 
a heterogeneous group. 

Certain toxins have their main impact on the 
endomyocardium such as in carcinoid heart disease 
and methysergide which also affect valves. 

Certain heredofamilial disorders such as Noonan’s 
syndrome and lentiginosis may cause a disorder in- 
distinguishable from hypertrophic cardiomyopathy, 
and Friedreich’s ataxia may cause asymmetric 
hypertrophy with or without dilatation. 

Certain disorders do not lend themselves readily 
to these groups and are listed as “Unclassified”. 
Examples are endocardial fibroelastosis, the in- 
fantile form of cardiomyopathy, with histiocytoid 
change and *Fiedler's myocarditis”. 


Requests for reprints to Dr C M Oakley, Royal 
Postgraduate Medical School, Hammersmith Hos- 
pital, Du Cane Road, London W12 OHS. 
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The floppy mitral valve 
Study on pathogenesis 


E GJ OLSEN, H K AL-RUFAIE 


From the Department of Morbid Anatomy and Histopathology, the National Heart Hospital and 
Cardiothoracic Institute, Beaumont Street, London 


SUMMARY The pathogenesis of the floppy valve syndrome is not fully solved. An almost invariable 
histological finding is the great accumulation of mucinous material in the valve leaflets and constitutes 
the basis of the valvular theory of the syndrome. The presence of a mucinous layer in normal valves— 
the zona spongiosa—is not well recognised. To establish the normal range of the extent of this zone, 50 
excised mitral valves from patients aged 2 to 89 years and who died as a result of road traffic accidents or 
non-cardiac causes have been analysed by measuring the thickness of the zone in relation to the valve 
thickness. A range of 0 to 60 per cent was found and this was not influenced by age. 

The findings were compared with 50 patients clinically diagnosed as suffering from the floppy 
valve syndrome. A value of over 60 per cent (range 62 to 94%) was found in 43 patients. The increase 
jn the extent of the mucinous material was considered to be a secondary change in the thickened fibrosa 
which normally accompanies the floppy valve syndrome. Measurements of zona spongiosa falling within 
the normal range were found in seven patients. The clinical features, complications, and accompanying 
conditions have also been analysed. Chordal rupture had occurred in 20 patients, infective endocarditis 
in three, and calcification was found in four valves. In four patients the aortic valve was also involved 
and accompanying aortic root dilatation in an additional patient. It is suggested that these patients should 
not be included in the group of Marfan's forme fruste, nor in the typical floppy mitral valve syndrome. 


Apart from the valvular theory, the myocardial theory in the pathogenesis of the syndrome has been 
discussed and the components ensuring normal mitral valve function have been reviewed. 

It is concluded that an inherent, prominent zona spongiosa predisposes to the floppy valve syn- 
drome, particularly if any one of the components of normal valve function is abnormal. 


For the past 15 years attention has focused on the 
floppy valve syndrome, first described by Fernex 
and Fernex! in 1958. It is characterised by pro- 
trusion particularly of the posterior valve leaflet 
into the left atrium and results in recognisable 
signs?’ constituting a specific syndrome.® Other 
synonyms for the syndrome include prolapse of 
the mitral valve,’ billowing of the mitral valve, 
and ballooning, or the syndrome of mid-late 
systolic click and late systolic murmur.® 

Despite many possible suggestions, the patho- 
genesis of the floppy valve syndrome is still not 
fully understood. Mitral regurgitation can occur as 
the result of failure of any of several anatomical 
components which interact to ensure normal 
functional integrity of the mitral valve apparatus? 
but must be distinguished from the syndrome. 
Received for publication 27 May 1980 


Dilatation of the valve ring has been established in 
the floppy valve syndrome!? and more recently 
attention has been drawn to normal variants in the 
deposition of chordae tendineae." Myocardial and 
haemodynamic alterations, as well as anatomical 
variations of the circumflex branch of the left 
coronary artery, have also been suggested as result- 
ing in the syndrome. 

There is a considerable body of opinion suggest- 
ing that myxomatous degeneration is the underlying 
mechanism of mitral valve prolapse.?!? In many 
reports dealing with histological changes, definition 
of specific location of myxomatous change and 
“fibrosis” has been omitted.!* The normal structure 
of valve leaflets! has also not been taken into 
account and it is the purpose of this study to in- 
vestigate the variable prominence of the zona 
spongiosa—a constant component of normal valve 
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leaflets—and to compare the findings with those 
valves removed at surgical operation from patients 
firmly diagnosed as suffering from the floppy valve 
syndrome. 


Material and methods 


NORMAL VALVES 

Valves removed at necropsy—21 female and 29 
male, 2 to 89 years of age—of patients who died as a 
result of road traffic accidents, or from extracardiac 
causes, have been available for study. Tissue from 
the centre of the “scallops” and from the region of 
strutt chordae!" was selected from the patient's 
posterior leaflet, as were samples from the anterior 
leaflet near the posteromedial commissure of the 
leaflet. The blocks were paraffin embedded and 
processed in the conventional manner. 

For histological examination five um thick 
sections were stained with haematoxylin and eosin 
and Weigert’s elastic van Gieson stain. Histo- 
chemical examination included staining with peri- 
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odic acid Schiff, colloidal iron, wiuidine blue at 
pH 3 and pH 5, and Congo red stains." These 
investigations were carried out on isolated speci- 
mens. Staining with Alcian blue at pH 2-5 was 
carried out on every block selected. 

Isolated specimens were also selected for electron 
microscopical examination. This material was 
placed in buffered 3 per cent glutaraldehyde for one 
hour at 4°C. Subsequently the fixing fluid was re- 
placed by buffered sucrose washing solution (4 C) 
pH 7-4. Post-fixation in 1 per cent osmium tetroxide 
was undertaken and the tissue was embedded in 
epon. Fifty nm thick sections were cut with a 
Porter Blum MT 1 ultramicrotome and stained 
with uranyl acetate and lead citrate and viewed on a 
Phillips 301 electron microscope. 


ASSESSMENT OF ZONA SPONGIOSA 

Measurement of the thickness of the zona was 
undertaken on the Alcian blue stained preparation, 
in the middle third of the valve leaflet (base to free 
edge), using an eye piece graticule. The thickness 


Fig. 1 (a) Photomicrograph of 
a normal posterior leaflet of the 
mitral valve, showing a thin 
zona spongiosa (3%). ( Alcian 
Blue, original magnification 
80.) (b) Posterior leaflet of 
the normal mitral valve with a 
prominent zona spongiosa 
(47:694). The extent of the 
thickness of the valve leaflet can 
Just be discerned. ( Alcian Blue, 
original magnification 80.) 


(b) 
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of the zona was expressed as a percentage of the 
width of the valve leaflet. 


FLOPPY MITRAL VALVES 

Mitral valves from 50 patients—34 male and 16 
female, removed at operation (age range 6 to 70 
years)—were processed and measured in exactly 
the same manner as the tissue from the normal 
subjects. Other histochemical analyses and electron 
microscopy were carried out in isolated instances. 


Results 


NORMAL VALVES 

Microscopical changes 

No differences between male and female cases were 
noted. In Table 1 the cases are grouped according 
to age in decades and the number of valves avail- 
able for each group are listed. The range of the zona 
spongiosa, expressed as a percentage of the valve 
thickness for each group, is detailed. The extreme 
variability of the prominence of this valvar com- 
ponent is striking. In some cases the zona was repre- 
sented by a single cell thick streak of Alcian blue 
positive material (0°,,), while in others it occupied 
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Table 1 Variation of normal zona spongiosa 
Age (y) No. of valves Zona spongiosa 
From (*,) To (%) 
0-10 5 o0 484 
11-20 2 10:2 336 
21-30 3 25:3 50:4 
31-40 5 232 357 
41-50 7 0 50:3 
51-60 1 83 28-2 
01-70 9 18:1 60-0 
71-80 10 0 13:3 
81-90 2 12:3 236 





60 per cent of valve thickness. Fig. la and lb 
illustrate a small and prominent zona spongiosa. 


Histochemical analysis 

This showed a strongly positive reaction to periodic 
acid Schiff staining, minimally affected by diastase 
digestion. A strongly positive reaction was also 
obtained by colloidal iron ablated after testicular 
hyaluronidase digestion. Faint metachromasia was 
obtained with toludine blue staining at pH 3. The 
Congo red treated tissue showed only very faint 





Fig. 2 Electron micrograph of the zona spongiosa in a normal valve leaflet, showing amorphous material. The 
adjacent collagen fibrils show normal periodicity. ( Lead citrate and Uranyl acetate, original magnification 


x 147 500.) 
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apple green fluorescence on examination under 
crossed polaroids. 

Electron microscopical changes of the area of the 
zona spongiosa consisted of amorphous material 
surrounded by collagen fibrils showing the typical 


periodicity (Fig. 2). 


FLOPPY MITRAL VALVES 

Macroscopical examination of these valves showed 
characteristic features consisting of doming towards 
the left atrium, principally of the posterior mitral 
valve leaflets from side to side, and from the free 
edge of the basal attachment. In 23 out of 50 
patients the anterior mitral valve leaflets were also 
significantly affected. In three patients that leaflet 
showed the most severe change and in one patient 
the anterior leaflet alone was affected 
Table 2). Doming was most prominent between 
chordal insertions and in the middle third of the 
valve leaflet. These leaflets were usually thin, 
transparent, and showed a bluish tinge. Along the 
line of closure in all valves, but also in the region 
of the clear zone, in several cases thickening was 
present, altering the appearance to white and 
opaque. The commissures were widely separated 
and measurements exceeded the normal range of 
linear measurement of 90 to 110 mm by up to 
20mm. In four patients the measurements ex- 
ceeded 160 mm (dilated valve Table 2). 


case ll, 


ring, 





Elongation of the chordae was frequently found and 
could be accurately assessed when the specimen 
included attached tips of papillary muscles. Beading 
of the chordae was a characteristic and frequent 
finding. In cases of rupture the chordae tapered to a 
fine point (Fig. 3). The salient features of the macro- 
scopical involvement are listed in Table 2. This 
table has been arranged according to age. The sex 
of the patient and the time when a murmur was 
first heard are stated. Complications and 
associated or other conditions are included. In 20 
patients rupture of chordae tendineae was found. 
Evidence of infective endocarditis was observed in 
three patients. In two patients atrial septal defect 
was diagnosed and patency of the fossa ovalis was 
found in another two patients. Calcification was 
found in four valves examined. 

Measurements of the zona spongiosa in Table 
have been confined to the posterior mitral valve 
leaflets. In those valves where the anterior mitral 
valve leaflet showed microscopical dominant fea- 
tures, the posterior leaflet showed similar or more 
severe histological changes. In 43 cases over 60 
per cent of the valve leaflet was occupied by the 
zona spongiosa. In the remaining seven valves the 
extent of the zona spongiosa fell within the range 
observed in normal valves. 

Apart from the prominent zona spongiosa and the 
increased “length” of the posterior mitral valve 


also 


> 


Fig. 3 A specimen of a 
surgically removed mitral valvi 
(ventricular aspect 
patient with the floppy valve 
syndrome and rupture of chorda: 
tendineae. The arrow indicates 
the larger anterior leaflet. 


froma 
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Table 2 Clinical data, macroscopical involvement of valves, complications, and measurements of zona spongiosa 
(post. leaflet) of patients with floppy valve syndrome 





No. Age Sex History of | Gross appearance of 


Other valves Complications Assoctated condition Zona 
(y) murmur mitral valve and other diseases spongiosa 
involvement (%) 
1 6 M 3 mth Both leaflets — — — 7471 
2 9 M 5 mth Both leaflets — — — 65:2 
3 14 M l4y Both leaflets — — — 66:6 
4 17 M 4y Posterior leaflet — — — 90:6 
5 18 M 25d Both leaflets — — Atrial septal defect 94-0 
6 27 M 6 mth Posterior leaflet — Calcification — 87.5 
7 44 M 19y Both leaflets — Ruptured chordae  — 60-0 
8 44 F 6y Both leaflets — -— — 464 
9 45 F 15 y Posterior leafiet Aortic valve — — 90.0 
10 45 F 28y Both leaflets Aortic valve — -— 66:6 
1l 50 M 27y Anterior leaflet — Ruptured chordae — 85-7 
12 50 M l4y Both leaflets — — — 644 
13 51 M ly Predominantly anterior — — Patent foramen 52:6 
leaflet ovale 
14 52 M 44 y Posterior leaflet — — Dilated valve ring 64-2 
15 52 M 8y Posterior leaflet Aortic valve and — Dilated valve ring 85-7 
root dilatation 
16 52 M 8y Both leaflets — — — 87.8 
17 53 F 10y Posterior leaflet — — — 91:0 
18 54 M ly Both leaflets Aortic valve — — 78.0 
19 54 M 8y Both leaflets — Calcification _ 62:3 
20 55 F 1 mth Predominantly anterior — — Ischaemic heart 87.8 
leaflet disease 
21 55 M 8y Both leaffets — — Dilated valve ring 72-1 
22 55 M By Both leaflets — — Ischaemic heart 82-9 
disease 
23 56 M 7y Posterior leaflet Aortic valve Ruptured chordae — 47-1 
24 57 M 34y Posterior leaflet — — — 680 
25 57 E 1l mth Both leaflets _ -— — 541 
26 58 M 10y Posterior leaflet — Ruptured chordae — 89-5 
27 58 F Many years Both leaflets — Ruptured chordae Calcification of 755 
annulus 
28 59 M 4 mth Predominantly anterior — — — 85.0 
leaflet 
29 59 F 28y Both leaflets — — — 740 
30 59 M 2y Both leaflets — Ruptured chordae — 65-2 
31 60 F 10y Both leaflets — Calcification — 66:6 
32 60 F 5y Posterior leaflet _ Ruptured chordae — 68:7 
33 61 M 4y Posterior leafiet — — — 67:6 
34 62 M 29 y Posterior leaflet — Ruptured chordae Patent foramen 60:0 
ovale 
35 62 M 2 mth Posterior leaflet — Ruptured chordae Ischaemic heart 74:1 
disease 
36 63 M 8y Posterior leaflet — Ruptured chordae — 76:2 
37 63 M 25y Both leaflets — Ruptured chordae Atrial septal defect 76-9 
38 64 M 26 y Posterior leaflet — Ruptured chordae — 70-0 
39 64 M 3ly Both leaflets — Ruptured chordae — 83-3 
40 64 M 40 y Both leaflets — Infective — 87.8 
endocarditis 3 
4l 64 M 8y Posterior leaflet — Ruptured chordae Ischaemic heart 66:6 
disease . 
42 65 M 22y Both leaflets — Infective — 740 
endocarditis 
43 65 M 4y Posterior leaflet — Ruptured chordae — — 85-0 
44 67 F 5y Both leaflets — Ruptured chordae Dilated valve ring 89-0 
45 69 F 13y Posterior leaflet. — Ruptured chordae, — 84-2 
infective 
endocarditis . 
46 69 F 5y Posterior leaflet — Calcification -— 68-0 
47 69 F. l4y Posterior leaflet — Ruptured chordae, — d 58:3 
48 70 M 22y Posterior leaflet — — Ischaemic heart 69-2 
disease 
49 70 F 8y Posterior leaflet — Ruptured chordae — 875 
50 70 B 8y Posterior leaflet — Ruptured chordae  — 70-0 
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leaflet, the histological appearances did not differ 
from those observed in the normal valve tissue. The 
architecture was preserved and vascularity was not 
increased. Superimposition of predominantly col- 
lagen tissue on the line of closure, and along the 
atrial aspect of the valve leaflets, indicated that 
regurgitation had been present for some time 
(Fig. 4). The myxomatous tissue extended into the 
chordae tendineae and was particularly prominent 
in the areas noted as beading macroscopically. 
Thickening of the chordae by superimposition of 
collagen tissue was also found. 

Histochemical analyses did not differ from those 
of the normal valves. 

Electron microscopical examination showed simi- 
lar amorphous material to that observed in normal 
valves, but the collagen tissue surrounding these 
areas frequently showed loss of periodicity of 
collagen fibrils. 


Discussion 


For assessment of the extent of the myxomatous 
zone occupied in the valve leaflets, the middle third 
(free edge to basal attachment) was chosen because 
of frequent thickening and often even more pro- 
minent myxomatous tissue being present in the area 
of the line of closure in the diseased valves. Though 
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invariably some diffuseness of the adjacent collagen 
tissue was found, examination at low magnification 
showed a fairly clear separation between myxo- 
matous tissue and the adjacent unaffected collagen. 

Histochemical examination confirmed the changes 
previously reported,'* suggesting that the mucinous 
area was predominantly composed of uronic acid 
mucopolysaccharides. A similar conclusion was 
reached by Torii et a/,'" by determining the 
carbazol/orcinol ratio of uronic acid in acid muco- 
polysaccharides. Apple green fluorescence by 
examination under crossed polaroids, after staining 
with Congo red, was only very faint in our study 
though a somewhat stronger reaction has been 
noted.'* 

Electron microscopical changes only showed 
evidence of degeneration of the adjacent collagen 
fibrils, having resulted in loss of periodicity. In all 
other respect no differences between affected and 
normal valves could be identified. 

The normal function of the mitral valve apparatus 
is dependent on six components: the left atrial 
wall; the annulus; valve leaflets; chordae tendineae; 
papillary muscles and left ventricular wall. ^ Ab- 
normalities of any of these components—such as 
deficiency or excess of valvar tissue, abnormally 
long or short chordae, papillary muscle dysfunc- 
tion, and alteration of the left ventricular shape— 


Fig. 4 Photomicrograph of the 
posterior mitral valve leaflet 
from a patient with the floppy 
valve syndrome. Superimposition 
of predominantly collagen tissue 
on the “auricularis” is present 
arrowed) indicating valvular 
regurgitation. The pale central 
area ts the zona spongiosa. 
( Weigert’s elastic van Gieson, 
original magnification 80.) 
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can result in abnormal mitral valve function. Dis- 
tinction must be made, however, between abnormal 
closure, for example resulting from papillary muscle 
dysfunction, and true mitral valve prolapse. In the 
syndrome characteristic doming towards the left 
atrium and elongation of the chordae tendineae 
(often showing beading) are found, together with 
expansion of the valve area. Nevertheless, dilatation 
of the mitral valve annulus of sufficient severity, so 
as to cause mitral regurgitation, has been established 
in patients with the floppy valve syndrome.!? In the 
present study measurement of the excised valves 
exceeded 160 mm in four of the 50 cases, confirming 
that annular dilatation can significantly contribute 
to regurgitation. In all other cases some increase was 
found above the normal range of mitral valve di- 
mensions (normal: 90 to 110 mm), most probably 
from dilatation subsequent to mitral regurgitation. 

The aetiology of the “floppy valve syndrome" is 
not solved but two major theories have been 
suggested: the valvular and the myocardial. The 
former suggestion explains the clinical manifesta- 
tions, chest pain being caused by excessive stretch- 
ing of the papillary muscles.49 2° Sudden tensing 
of the everted valve leaflets is responsible for the 
characteristic click.?! The mid-late systolic murmur 
is attributed to increasing regurgitation of valve 
leaflets as prolapse develops.?! ?? 

'The other major theory, the myocardial theory, 
has included a variety of angiographic and haemody- 
namic findings such as abnormal protrusion of the 
inferior aspect of the left ventricle? and non-con- 
traction or late systolic expansion of the inflow tract 
of the left ventricle.24 Absence of the atrioventricular 
groove branch of the circumflex of the left coronary 
artery has been the suggested explanation for 
segmental myocardial dysfunction?5; its absence is 
frequently compensated by a large posterolateral 
branch of the right coronary artery.24 Left ven- 
tricular asynergy?5?" and haemodynamic dis- 
turbance—such as a constrictive pattern?? and an 
increase in left ventricular end-diastolic pressure, 
low resting cardiac index, or an inappropriate rise 
during exercise??— concludes the myogenic cardiac 
theory. To explain the various changes, an under- 
lying cardiomyopathy has also been suggested.?" 
The association of the “floppy valve syndrome” 
with coronary arterial disease, resulting in papillary 
muscle involvement (dysfunction), has been sug- 
gested,?8 29 

Although in the present study five patients had 
clinical manifestations of ischaemic heart disease 
and mitral regurgitation, which may occur in 
association with papillary muscle dysfunction, we 
agree with Jeresaty and Liss!? 28 ?? that this com- 
bination is likely to be coincidental in the “floppy 
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valve syndrome”. An incidence of only 2 to 3 per 
cent of coronary arterial disease has been shown to 
exist in these patients by selective coronary arterio- 
graphy.? 

'The anatomy of the normal mitral valve has been 
meticulously studied.!5 ?* Variation in the chordal 
arrangement and atypical chordae were encountered 
in 37 of the 50 hearts examined. In a more recent 
study1! abnormalities were noted in the deposition 
of chordae tendineae in 36 out of 40 valves obtained 
from patients with prolapse, particularly those in- 
serting into the commisural area and rough zone 
areas and preferentially involving the postero- 
medial commissural area and the middle scallop 
of the posterior leaflet. Associated finger-like 
papillary muscle, single long chordae, or haphazard 
arrangement were encountered, resulting in in- 
sufficient valvar support. Weakness of the central 
area of the valve leaflet was found to be an essential 
lesion.?? 

Our findings at macroscopical examination con- 
firm the presence of the severest doming around the 
posteromedial commissure, with involvement of 
the middle scallop of tbe posterior leaflet. When the 
anterior leaflet was involved, the area adjacent to 
the commissure showed the severest changes. In 
severely affected valves the entire posterior leaflet, 
and not infrequently the anterior leaflet, showed 
evidence of doming. Similar findings have been 
reported,1! 3? 

Regarding complications and associated condi- 
tions in our series, 20 of the 50 patients suffered 
rupture of the chordae tendineae close to a point 
where secondary fibrous thickening and myxoma- 
tous tissue were prominent. Early surgical interven- 
tion was achieved. In three patients morphological 
evidence of infective endocarditis was present; in 
two patients an atrial septal defect in the region of 
the fossa ovalis was found (secundum type) and in 
another two probe patency of the fossa ovalis was 
noted. A 5 per cent incidence of atrial septal defect 
has been reported.® 

Returning once more to the valvar theory, 
histologically, myxomatous degeneration has con- 
sistently been documented.**-** With the exception 
of three contributions,‘ 3738 the normal histo- 
logical structure has either not been mentioned or 
not taken into account and has led to the suggestion 
that the process of degeneration of the fibrosa is 
present.?? 

As early as 1931, Gross and Kugel!5 described 
the normal histology in detail. Between the auri- 
cularis (a thin layer composed of collagen and 
elastic tissue covering the atrial aspect of valve 
leaflet) and the fibrosa (a thick layer composed of 
collagen tissue which affords the main support of the 
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valve) is the zona spongiosa. This present study is the 
first account of measurement of this structure. The 
results have shown that variability is great, ranging 
from just a cell thick streak, expressed as 0 per cent, 
to occupying 60 per cent of the thickness of the valve 
leaflet. The extent is not affected by increasing age. 
By contrast, 43 of the 50 valves removed surgically 
for prolapse from patients showed values above 60 
per cent (range 62 to 94%). In seven valves ex- 
amined the measurement of the extent of the zona 
fell within the range encountered in the normal 
subjects. Nevertheless, clinical and macroscopical 
findings typical of the “floppy valve syndrome" 
were present in the tissue. This finding emphasises 
that though myxomatous tissue is consistently 
present in “floppy valves", histological examination 
alone may overdiagnose the condition. It further 
emphasises the fact that other mechanisms, such as 
abnormal chordal arrangement, may play a role 
culminating in the clinically recognisable syndrome. 

As a result of our study we suggest that an in- 
dividual is born either with a thin or a thick zona 
spongiosa. Family studies í?-5? support such a 
suggestion. Those patients with a prominent zona, 
inherently weakening the valve, are liable to develop 
the syndrome, particularly if one or the other factor 
discussed above is additionally present. 

Degeneration of the fibrosa may occur to some 
extent but in view of the values of up to 60 per cent 
found in normal valves, it seems reasonable to 
suggest that only minor, secondary degeneration is 
necessary to account for the higher values obtained 
in abnormal valves. It is likely that this secondary 
degeneration is caused by lysis, which can occur in 
the accompanying thickening of the fibrosa. 
Support for such a supposition is provided by 
examining valves in patients with acquired heart 
disease, such as rheumatic fever. Towards the free 
margin of these valves extensive thickening is 
usually present in which an excess of myxomatous 
tissue is often found. Elsewhere in the valves the 
zona is frequently not conspicuous. This promi- 
nence of myxomatous tissue in the distal portion of 
the valves may have led to difficulty in distinguishing 
the two conditions. Other changes usually make 
distinction easy. In the floppy valve the architecture 
is preserved and no increase in vascularity is evident. 
Thickening, when present, consists of a well- 
defined layer of predominantly collagen tissue 
superimposed on the surface of the auricularis. 
Thickening of the fibrosa is frequently present. 
In valves affected by the rheumatic process, severe 
thickening, distortion or destruction of the normal 
architecture, increased vascularity and calcification, 
together with a variable chronic inflammatory in- 
filtrate, are found. 
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Calcification of the floppy valve may occur,!* 
though this is rare. It was found in four cases in our 
Series. . 

Changes similar to those described for the mitral 
valve have been observed in the aortic valve in four 
patients and in one additional patient aortic valvar 
changes were accompanied by dilatation of the 
aortic root. Accompanying aortic valve involvement 
is well recognised, ** 55 and the question arises 
whether the combination of aortic and mitral valve 
changes constitutes a forme fruste of Marfan's 
disease. Indeed it has been suggested that isolated 
floppy mitral valve could be considered a form of 
this disease. This concept is supported to some 
extent by a report on three patients who developed 
dissecting aneurysms of the aorta after clamping of 
the aorta during operation for mitral valve replace- 
ment.** Despite the overlapping features there is, 
however, no firm evidence that isolated mitral valve 
prolapse forms part of the spectrum of Marfan's 
disease. When the aortic valve is affected as well, it 
should also not be classified under Marfan's disease 
or typical mitral valve prolapse.!? 

We conclude that an inherent prominent zona 
spongiosa, in otherwise normal valves, predisposes 
to the floppy valve syndrome. Once doming has 
taken place, secondary thickening of the valve 
leaflet occurs, with extension of the myxomatous 
tissue into the fibrosa. Functional or anatomical 
abnormalities of any components, ensuring normal 
mitral valve function, are important contributory 
factors in the development of this syndrome, 
particularly in cases with less prominent zona 
spongiosa. 


For the supply of normal mitral valves we acknow- 
ledge the co-operation of Dr U Baandrup, Uni- 
versity of Aarhus, Denmark, and the Homograft 
Department of the National Heart Hospital. 
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SUMMARY The clinical and electrocardiographic findings in five children with the sick sinus syndrome 
and an otherwise normal heart are described. There were three boys and two girls. Their age at onset of 
either bradycardia or symptoms ranged from 1 day to 7 years. In one patient, the youngest ever reported 
with this syndrome, bradycardia was noted before birth. Four children presented with neurological 
symptoms—attacks of dizziness, fainting spells, or syncope. One boy, treated for epilepsy before the 
underlying arrhythmia was diagnosed, died suddenly while playing. One child had near-fatal syncope 
caused by ventricular tachycardia. Continuous 24-hour electrocardiographic monitoring is the best 
method of assessing the severity of the condition. Sinus bradycardia, sinuatrial block, and periods of 
sinus arrest up to 4:8 seconds were recorded. Two patients had associated atrioventricular block and 
were therefore presumed to have binodal disease. Atrial fibrillation or flutter occurred in three patients. 
Isolated sick sinus syndrome may be a life-threatening condition in childhood for which, in selected 


cases, the insertion of a permanent pacemaker is indicated. 


Most reports on the sick sinus syndrome deal ex- 
clusively with adults or the elderly!~*; in childhood 
the condition is rare. It has been reported to occur 
after intra-atrial operations with injury to the 
sinuatrial node or its blood supply, particularly after 
the Mustard operation*^? and also in children with 
various congenital cardiac malformations,971? but 
occasionally it occurs in children and adolescents 
with no other evidence of heart disease.!? ? The 
latter condition, which is probably of congenital 
origin, is not sufficiently recognised for a number 
of reasons. The presenting symptoms, produced by 
intermittent cerebral ischaemia, usually mimic 
central nervous disorders. With the exception of 
bradycardia, which is often intermittent, there is 
frequently no abnormality on physical examination 
and routine electrocardiograms. Finally, the syn- 
drome is generally considered to occur only in 
adults. Its diagnosis in children, however, is im- 
portant, for the arrhythmia may threaten life and 
need specific treatment. 

In this study, five children with the sick sinus 
syndrome are presented. The wide range and varia- 
bility of symptoms and the value of continuous 
electrocardiographic monitoring in diagnosis are 
emphasised. 

Received for publication 9 November 1979 


Patients and methods 


Between January 1967 and January 1979, five 
children with severe bradycardia were seen. None 
had clinical evidence of structural heart disease. 
Only one, being treated for epilepsy, was taking 
drugs. All had routine electrocardiograms taken and, 
four, continuous 24-hour electrocardiographic tape 
recordings. Each patient met at least two of the 
following three criteria: (1) long periods of brady- 
cardia, defined as a heart rate of 40 beats/min or less 
lasting one minute or more, (2) episodes of sinus 
arrest of three seconds or longer, (3) episodes of 2:1 
or 3:1 sinuatrial block. There were three boys and 
two girls. Their ages, at the onset of bradycardia or 
symptoms, ranged from 1 day to 7 years (Table 1). 

For 24-hour monitoring a two-channel Medilog 
tape recorder with build-in reference time signal 
(Oxford Medical Instruments) was used. Record- 
ings were played back on a semiautomatic high- 
speed analyser, giving a visual display of the heart 
rhythm on a 40 seconds memory oscilloscope. 
Arrhythmias were analysed on direct write-out 
traces. The children over 6 years of age had an 
exercise test on a bicycle ergometer. The younger 
children were asked to run a distance of 150 metres. 
Electrophysiological studies were performed in three 
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Table 1 Clinical data in five children with isolated sick sinus syndrome 








Case No. Age at onset of symptoms (y) Age at which bradycardia Symptoms Treatment 

first noted (y) 
1 5 8 Epileptic fits, died suddenly aged 10 None 
2 7 7 Syncope, dizziness Isoprenaline, 

anticoagulants 

3 5 4 First syncope near-fatal Permanent pacemaker 
4 — 1 day None Permanent pacemaker 
5 6 12 Syncope Isoprenaline 





children. His bundle recordings were obtained by 
the method of Scherlag et al.1* Sinus recovery times 
were recorded after high atrial pacing for three 
minutes. For programmed electrical stimulation the 
JSI-stimulator (Janssen Scientific Instruments) was 
used. In two patients, studied after the implantation 
of a permanent cardiac pacemaker, the underlying 
escape rhythm was assessed by inhibition of the 
pacemaker using chest wall stimuli produced by a 
Grass stimulator with variable impulse duration 
and voltage. 


Case reports 


The salient clinical and electrocardiographic features 
are summarised in Tables 1, 2, and 3. In view of the 
scarcity of similar published reports and the wide 
spectrum of symptoms, the case histories will be 
presented in detail. 


Table 2 Electrocardiographic findings on routine and 
24-hour electrocardiograms 











Case Age Slowest heart rate Sinuatrial block Longest asystole 
No. (y) (beats/min) 5, 

1 8 40 Sinus arrest 15 

2 12 24 2:1 and 3:1 42 

3 4 22 3:1 35 

4 4 30 2:1 48 

5 12 32 2:1 2 

CASE 1 


A 5-year-old boy began to have short attacks of 
syncope which were thought to be epilepsy and 
were treated with diphenylhydantoin. In July 1967 
at the age of 8 routine examination disclosed 
irregularity of the pulse. Apart from the apparent 
epileptic fits he was free of symptoms. There was 
no history of syncope or sudden death in other 
members of the family. On examination the only 
abnormality was a slow and irregular pulse between 
40 and 50 beats/minute. The electrocardiogram 
showed slow atrioventricular junctional rhythm 


with long periods of bigeminy (Fig. 1). Although 
long traces were recorded, at no time could normal 
sinus rhythm be recorded. In this boy, the pos- 
sibility of a link between the arrhythmia and the 
syncopal attacks was not entertained. At the age 
of 10 he died suddenly while playing. 


CASE 2 

A 7-year-old white girl was first examined at the 
University Hospital of Kinshasa, Zaire, in 1968, 
because of attacks of dizziness and a slow heart 
rate. The family history was unremarkable. The 
electrocardiogram showed slow sinus rhythm, often 
below 40/min, atrial premature beats, and atrio- 
ventricular junctional escape beats. The brady- 
cardia and fainting attacks were attributed to an 
excess of vagal tone. Isoprenaline, six times daily, 
was given and seemed to decrease the dizziness. In 
1968 and 1969, however, two short episodes of loss 
of consciousness unrelated to effort were witnessed 
by her parents. When she was first seen by us in 
July 1969, the heart rate was 40 to 50/minute. A 
grade 2/6 ejection murmur and a short diastolic 
rumble at the apex were heard. As there was no 
other clinical evidence of heart disease, these 
murmurs were attributed to the slow heart rate and 
increased stroke volume. The electrocardiogram 
showed slow sinus rhythm, a PQ interval of 0-18- 
0:20 second and long atrial pauses of 1:8 to 2 
seconds. On exercise the heart rate increased to 
120/minute but, within 15 seconds, it slowed down 
and became irregular, a result of second and third 
degree sinuatrial block. From 1969 to 1974 she took 
no drugs. In 1974 she was admitted for further in- 


Table 3 Arrythmias in five children with congenital 
sick sinus syndrome 





Type of arrhythmia No. of patients 





Sinus bradycardia 40/min or below 5 
Sinuatrial block (2nd or 3rd degree) 5 
Predominant atrioventricular junctional rhythm = 1 
Atrial flutter or fibrillation 3 
Ventricular tachycardia and fibrillation 1 
Atrioventricular block (first or second degree) 2 
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Fig. 1 


Electrocardiogram lead I from 8-year-old boy (case 1) showing slow junctional rhythm. The intermittent P 


waves and occurrence of bigeminy may be explained by slow retrograde conduction to the atria and reciprocal 
beats. Though long traces were obtained, at no time could normal sinus rhythm be recorded. The small irregularity 


of the T wave in complex 3 is artefactual. 


vestigation. Continuous monitoring showed ex- 
tremely long pauses, up to four seconds, particularly 
at night (Fig. 2). In view of the extreme bradycardia, 
the insertion of a permanent pacemaker was recom- 
mended but this was refused by the parents as being 
unnecessary in an apparently healthy girl. In view 
of the risk of thromboembolic complications anti- 
coagulants were started in 1974 and continued until 
the present. Cardiac rhythm remained unstable. 
In 1975 atrial flutter with 3:1 and varying atrio- 
ventricular conduction was recorded and a few 
weeks later slow sinus bradycardia with pauses up 
to three seconds. In 1976 and when last seen in 
1978, once again she had atrial flutter, but now with 
varying atrioventricular conduction (Fig. 3). In the 
last 9 years under our care, she has had no further 
attacks of syncope. Her only symptom is an oc- 
casional episode of dizziness. 


CASE 3 
In December 1976 a 4-year-old boy was referred 
by the family doctor who had noted a slow and 


Fig. 2 Continuous strip of a 
monitoring lead from a 12-year- 
old girl (case 2). Nocturnal 
heart rate dropped below 30 
beats/min. The longest asystolic fe nous j 
period (upper panel) was 4-2 SISHEEHISGESIEES 
seconds. 


ren 
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irregular heart rate during a fever. He had never 
fainted or had a fit. On examination the only ab- 
normality was a bradycardia between 30 and 40/ 
minute. The electrocardiogram showed sinus 
bradycardia and high-grade sinuatrial block (Fig. 4). 
In February 1977 regular sinus rhythm at 72/minute 
was noted. Four months later long periods of 
bradycardia were again recorded. Exercise increased 
the heart rate to 80 to 84/minute but this was 
followed within seconds by bradycardia, with long 
pauses caused by 3:1 sinuatrial block. 

In September 1977 he collapsed while playing at 
school. According to his teacher he fell suddenly, 
and was found to be unconscious, and not breathing. 
He was given mouth-to-mouth respiration. and 
within 10 minutes rushed to the emergency depart- 
ment of the hospital. On arrival he was still un- 
conscious. The electrocardiogram showed periods of 
ventricular tachycardia (Fig. 5). He was intubated 
and cardioversion was carried out. Stable sinus 
rhythm, however, could not be restored. A few 
hours later a temporary transvenous pacemaker 
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had to be introduced because of repeated episodes 
of ventricular tachycardia alternating with periods of 
atrial and ventricular standstill. The next day a 
permanent lithium demand pacemaker was inserted 
and extubation was possible. For three days he 
remained semiconscious and his gait was uncertain 
for several weeks. He eventually recovered com- 
pletely. Subsequent electrocardiograms showed that 
the pacemaker was intermittently inactive, because 
of atrial flutter or fibrillation with a rapid ventricular 
response. This was treated with digoxin and 
quinidine. 


CASE 4 

A healthy newborn girl had had a slow fetal heart 
rate of 60/minute during the last days of pregnancy 
and during labour. At birth the rate remained at 


687 


Fig. 3 Leads I, II, and II 
in the same patient (case 2) 
two years later, showing atrial 
flutter with varying 
atrioventricular conduction. 


60/minute but it increased to 90/minute over the 
next few days. When she was first examined at our 
department at 2 months of age, she was in regular 
sinus rhythm at 80/minute. Her rate increased to 
only 100/minute when she cried. At 14 months of 
age slow sinus rhythm at 46/minute was recorded. 
The PQ interval was 0-16 second. A few blocked P 
waves were noted. At the age of 3 fine atrial fibrilla- 
tion with a ventricular response of 42/minute was 
observed, and this increased to only 52/minute 
when she ran 150 metres. On auscultation a grade 
3/6 ejection murmur at the pulmonary area and a 
diastolic rumble at the apex were heard. These 
murmurs and cardiomegaly on the chest x-ray were 
attributed to the extreme bradycardia. Cardiac 
catheterisation showed no abnormality except a 
slightly increased systolic pressure in the pul- 





Fig. 4 Leads I, II, and III from a 4-year-old boy (case 3). Progressive shortening of the sinus cycle (complexes 
1 to 3) ts followed by overt sinuatrial block. The third PP interval is exactly twice the second PP interval. The 
fourth PP interval equals three times the second PP interval minus 220 ms. This suggests coexisting first degree and 
3:1 sinuatrial block. The morphology of the sixth P wave is different. It is probably an atrial escape beat. 
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Fig. 5 Lead II recorded in a 4-year-old boy (same case as in Fig. 4) during an episode of coma, after sudden 
collapse. Accelerated idioventricular rhythm leads to ventricular tachycardia. 


monary artery (36/12, mean 18 mmHg). Angio- 
cardiography showed enlargement of the cardiac 
chambers but an otherwise normal heart. Con- 
tinous 24-hour electrocardiographic monitoring 
showed fine atrial fibrillation with an irregular 
ventricular response varying between 30 and 96/ 
minute by day, with occasional longer pauses up to 
four seconds. During the night the ventricular rate 
varied between 15 and 45/minute with exceptional 
peaks at 70/minute. One pause of 48, one of 4:6, 
and numerous pauses of more than 3 seconds were 
recorded. In spite of the extreme bradycardia the 
child was active and completely free of symptoms. 
This made management difficult as the parents 
were reluctant to accept that the child's condition 
was serious and potentially lethal, but in view of our 
experience with the previous patients insertion of a 
permanent pacemaker was advised. This has been 
carried out recently. 


CASE 5 

A 12-year-old boy gave a history of 10 to 12 brief 
syncopal attacks which had started at the age of 6 
years. There had been no prodromal symptoms nor 
was there any relation to effort. He was a keen foot- 
baller and took part in various sports without 
symptoms. Physical examination was normal. The 
electrocardiogram showed regular sinus rhythm at 
76 beats/minute and a prolonged PR interval 


(0:30 s). The QT interval was normal. Continuous 
24-hour monitoring disclosed frequent episodes of 
second degree sinuatrial block, sinus arrest, and 
pauses lasting up to two seconds. For long periods 
nocturnal rates of 32 to 34 beats/minute were re- 
corded. Exercise testing produced a normal rise in 
heart rate. Because of the possibility that physical 
training might have been contributing to this 
bradycardia, he was advised to give up football and 
to restrict strenuous effort. He was given isoprena- 
line 15 mg 12-hourly and has had no further 
syncopal attacks in the last two years 


ELECTROPHYSIOLOGICAL STUDIES 

Electrophysiological data were available in three 
patients. In case 2 the atrioventricular conduction 
and the sinus recovery time were normal. In case 3 
only data obtained by chest wall stimulation were 
available. Inhibition of the permanent pacemaker 
produced atrial and ventricular standstill for 3-7 
seconds. This observation shows the unrealiability 
of subsidiary escape mechanisms when the sinus 
node is failing. In case 4 intracardiac electrocardio- 
graphy disclosed fine atrial fibrillation. After three 
minutes of right ventricular stimulation, ventricular 
standstill of 5-4 seconds occurred when pacing was 
stopped (Fig. 6). Similarly, when the permanent 
pacemaker was inhibited by chest wall stimulation, 
a pause of 3:5 seconds was recorded. 






O RY STIMULATION — 






elle À— 


NIE 


E ENEE 
if 


Fig. 6 Leads I, I1, III, and an intracardiac right atrial lead (A) ina 3-year-old girl (case 4) known since birth 
10 have sick sinus syndrome and atrioventricular node dysfunction. The basic rhythm is fine atrial fibrillation. When 
intracardiac right ventricular stimulation (the first five beats) is stopped, it takes 3-4 seconds before a junctional 


escape beat appears. 
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Sick sinus syndrome in childhood 
Discussion 


The sick sinus syndrome in childhood is a well- 
known complication of cardiac surgery.6* Its 
association with cardiac malformations®—?° and with 
myocarditis’ 1? is equally well documented. In the 
present series, however, no underlying or associated 
heart disease could be detected. The term isolated 
sick sinus syndrome seems therefore appropriate. 
Approximately 20 similar cases have been published, 
a few well-documented case reports!?!" and one 
extensive study.! In two other papers, dealing 
mainly with postoperative sinus node dysfunction, 
the occurrence of this syndrome in a few otherwise 
healthy children is mentioned.’ !? 

For inclusion in our small series deliberately 
strict criteria were applied, as little is known about 
the physiological variations of cardiac rhythm in 
normal infants and children. According to a recent 
study!? the slowest heart rate in 134 randomly 
selected neonates was 93 +12 beats per minute. In 
only one was bradycardia below 50 beats per minute 
and a systolic pause of 1-8 seconds recorded. In 
sleeping young adults rates may be as low as 33 
beats per minute, but in only two out of 50 in- 
dividuals were pauses of two seconds recorded.!? 
It is therefore unlikely that any of our patients had 
physiological bradycardia. 

The age at onset of symptoms in our patients 
(Table 1) is younger than in most of those previously 
reported. In one (case 4) bradycardia was noted 
before birth by the obstetrician, who suspected 
congenital atrioventricular block. The question 
therefore arises whether our patients and other 
young children previously reported!? 15 16 differ 
aetiologically from the adolescent group. All the 
patients reported by Scott et a/.,* for instance, were 
athletic boys between 10 and 15 years. In our series, 
however, the hypothesis that excessive training 
might have produced bradycardia can be excluded, 


-as most patients were below the age of 10 and, with 


the exception of one boy (case 5), did not take part 
in sports. 

Four out of the five children presented with 
neurological symptoms-—dizziness, fainting spells, or 
syncope (Table 1). One boy (case 1), who later died 
suddenly while playing, was treated for epilepsy 
before the underlying arrhythmia was diagnosed. 
Another (case 3), aged 5, had no symptoms until he 
suddenly collapsed with ventricular tachycardia, 
again while playing. Syncopal attacks on exertion 
were also noted by Scott et al. and sudden death 
reported in two further cases.!5 2° Cerebrovascular 
accidents, common in adults with the bradycardia- 
tachycardia syndrome,? were not encountered in our 
patients but Onat et al.° described right-sided 
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hemiparesis and facial weakness, presumably 
secondary to cerebral embolism, in a 3-year-old girl. 

Three of the four children exercised were unable 
to increase their heart rate more than 30 per cent. 
An inappropriate response to exercise is generally 
considered to be a simple and reliable clue to the 
diagnosis.* 1415 Similarly, the response to the 
intravenous administration of atropine, which was. 
not studied in our patients, is reported to be ab- 
normal.? ? 1! Continuous electrocardiographic moni- 
toring, however, provides, in our experience, the 
best tool for evaluating patients suspected of having 
sinus node dysfunction. The information gained by 
this method is important from two points of view. 
In the first place, bradycardias and long pauses 
(Table 2), often unsuspected on the routine electro- 
cardiograms, may be documented—in three of the 
children nocturnal rates dropped below 30 beats per 
minute and asystoles as long as 42, 3:5, and 48 
seconds were recorded. Secondly, the full spectrum 
of arrhythmias is detected (Table 3)— atrial flutter 
or fibrillation was observed in three patients. 

Supraventricular arrhythmias are so common in 
adults with the sick sinus syndrome? that it led to. 
the use of the alternative term the bradycardia- 
tachycardia syndrome. They are also prominent in 
children with the postoperative sick sinus syn- 
drome.’ ë 

By contrast, ventricular tachycardia or fibrillation 
have not been documented in large series of adults,? * 
but seem to occur in children. In one patient (case 3, 
Fig. 5), the former caused a near-fatal syncope. 
Chaotic ventricular rhythm has also been reported in 
six previous cases.’ 415 Obviously, the association 
is too common to be fortuitous. It has been sug- 
gested that bradycardia favours desynchronisation 
of cardiac activation and thus the occurrence of 
ventricular tachycardia.?! ?? The finding that two 
patients had delayed atrioventricular conduction and 
therefore, presumably, binodal disease is of par- 
ticular interest. This has also been found in three 
other children with this syndrome.? !? 16 

Electrophysiological studies were of limited 
value. In one patient with severe bradycardia in 
whom a complete study was performed, atrioven- 
tricular conduction and sinus node recovery times | 
were normal. 

A previous study found a considerably prolonged 
sinus node recovery time in one child, but a normal 
one in another.?? The occurrence of “false negative” 
electrophysiological testing and its interpretation 
have recently been reviewed in adults.24 From the 
practical viewpoint, we accepted the diagnosis of 
the sick sinus syndrome on the basis of abnormal 
24-hour  electrocardiographic monitoring and 
exercise testing, even in the presence of a normal 
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sinus node recovery time. In children with a per- 
"manent pacemaker, the spontaneous activity of the 
sinus node or subsidiary pacemakers can be assessed 
when the artificial pacemaker is temporarily in- 
` hibited by chest wall stimuli. 

The histopathology of isolated sick sinus syn- 
drome in children and adolescents has not been 
defined. The only pathological study, by James 
et al, 5 found intimal proliferation and medial 
hypertrophy in the sinus node artery of two young 
athletes who died suddenly during exertion. The 
pre-existing rhythm, unfortunately, was not well 
documented. It appears reasonable, for a number of 
reasons, to postulate a congenital defect of the sinus 
node as the basic lesion, namely: (1) the syndrome 
may present in early childhood and, as documented 
for the first time in our study, even at birth, (2) it is 
occasionally associated with other cardiac malforma- 
tions,"-? (3) more than one case may occur in a 
single family.!* 2°27 Moreover, a few families have 
been described in which both sinuatrial and atrio- 
ventricular node dysfunction were inherited.?5 28 

Because of the small number of children with 
isolated sick sinus syndrome so far described, and 
the wide spectrum of symptoms, a therapeutic 
policy is difficult to establish. Based on our ex- 
perience in which one child died suddenly and 
another suffered a life-threatening ventricular 
arrhythmia we consider that permanent cardiac 
pacing is the only reliable treatment if symptoms 
are present or if they are not but the heart rate is 
very slow. Williams et al.?? concur. In patients with 
tachycardia antiarrhythmic drugs and, possibly, 
anticoagulants should be used. 
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SUMMARY ‘The dominance of Mustard’s operation for transposition of the great arteries has been 
challenged by the recent revival of Senning’s repair because it promises better long-term results in terms 
of venous obstruction and atrial haemodynamics. These hypotheses were tested by recording jugular 
venous flow waveforms transcutaneously in 24 postoperative patients with simple complete transposition 
using a bidirectional Doppler blood velocimeter. Eight patients had undergone Mustard’s operation and 
16 the Senning alternative; all had previously had a postoperative cardiac catheterisation. 

Both groups of patients had similar left ventricular, pulmonary arterial, and systemic venous 
atrial pressures. No child showed any evidence at catheterisation of either mitral regurgitation or of 
superior vena caval pathway obstruction. These two findings were endorsed by the transcutaneous 
Doppler recordings. 

Jugular venous flow in normal children exhibits two maxima, one of atrial filling during ventricular 
systole, the other of ventricular filling occurs once the tricuspid valve has opened. Both operative pro- 
cedures diminished the size of the former phase, but the Mustard did so more. After Mustard’s operation 
forward flow during the atrial filling phase was absent in approximately half the cardiac cycles recorded, 
and severely diminished in the rest. By contrast, there was approximately a 90 per cent appearance of 
atrial filling waves after Senning’s operation which also provided significantly better atrial function than 
Mustard’s procedure in terms of peak velocity of blood entering the atrium and total atrial filling. It is 
therefore concluded that both procedures compromise atrial volume and compliance but Senning’s 
repair to a much lesser extent. 


The Senning operation! has recently been revived as 
an alternative form of treatment to the Mustard 
procedure? for the physiological correction of com- 
plete transposition of the great arteries by the decus- 
sation of venous inflow.? This recent challenge to 
Mustard’s procedure was prompted because of the 
impressive haemodynamics of some children with 
16-year-old Senning repairs, showing no signs of 
venous stenosis. Such obstruction to inferior and 
superior vena cavae and to the pulmonary veins 
is an important cause of late morbidity and mor- 
tality after Mustard’s procedure‘ despite low initial 
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mortality.5^* Patches of pericardium used in 
Mustard’s procedure may become infected, con- 
tract, or develop structural defects. Dacron 
patches were therefore introduced, but though 
immediate postoperative survival improved, a high 
proportion of these children subsequently developed 
obstruction to venous return, requiring surgical 
revision.’ ? If the interatrial baffle is too large it can 
lead to pulmonary venous obstruction; if it is too 
small the superior or inferior vena caval pathway 
or both will become stenosed. Despite refine- 
ments,’ !? the interatrial baffle still creates an in- 
herent confinement of atrial movement, a reduced 
atrial filling capacity, and a potential for venous 
obstruction and infective endocarditis. 

The geometry of the Senning operation is such: 
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that stenosis of the vena cavae is nearly impossible 
and pulmonary venous obstruction may be avoided 


„with operative care. Perhaps more importantly, the 


amount of foreign material used is small, even after 
a previous atrial septectomy!!; reconstruction is 
mainly of living atrial muscle. This has two potential 
advantages; firstly, the atrium may be expected to 
grow as the patient grows, and secondly, the atria 
may function better as each will be contracting 
against a yielding, compliant partner rather than 
against a stiff, immobile prosthesis, as in the 
Mustard procedure. It has already been shown that 
the large interatrial baffle used in Mustard's pro- 
cedure dramatically reduces the rate of filling of the 
systemic venous atrium, probably by serious loss 
of atrial compliance and volume??; this is also mani- 
fested in the systemic venous atrial pressure pulse 
by a steep y descent.? Even disregarding the effect 
of atrial growth, however, the design of the Senning 
operation (that is, pulmonary venous blood being 
redirected outside the atrial wall) suggests that not 
only atrial compliance but also atrial volume should 
be less compromised than in Mustard's procedure. 

We felt that this hypothesis could be tested non- 
invasively using transcutaneous Doppler ultra- 
sound to measure jugular venous velocity flow 
patterns which reflect derangements in right heart 
haemodynamics irrespective of the underlying 
aetiology.'4 This technique has been used success- 
fully to diagnose asymptomatic superior vena caval 
pathway obstruction after Mustard's procedure,'? 
and it seemed therefore appropriate to apply it to 
Senning's repair, firstly to screen for obstruction, 
however unlikely,? and secondly to compare com- 
promise of atrial function after the Mustard and 
Senning procedures. 


Methods 


Jugular venous flow velocity recordings were made 
in 24 patients who had previously been corrected for 
simple complete transposition of the great arteries 
at the University Hospital, Leiden. Sixteen (age 
range 1-7 to 5:6 years, mean 3:6) had Senning and 
eight (age range 6:0 to 12-6 years, mean 9-8) had 
Mustard repairs. Patients were tested sequentially 
at special outpatient clinics. A transcutaneous bi- 
directional Doppler ultrasound blood velocimeter* 
was used, which incorporated a three-lead electro- 
cardiogram and a flow channel, plotting them both 
onto an integral paper chart recorder. The machine 
also emits an audible tone whose frequency is 
proportional to the velocity signal. The transmitter 
frequency was 7-52 MKz. 

Patients were quiet and supine with no pillow 
*Sonicaid Ltd. Model BV381. 
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and the head turned slightly away from the examiner 
to expose the jugular vein. The limb leads of the 
electrocardiograph were attached to the patient and 
the instrument checked for an appropriate electro- 
cardiographic deflection (showing the p waves in 
particular) on the recording paper. The external 
probe was applied to the skin using Aquasonic 100 
ultrasound transmission gel.t The probe was placed 
over the internal jugular vein and directed toward 
the inferior border of the contralateral scapula. Its 
position was then adjusted until the signal reached a 
maximum. When this signal was consistent, repro- 
ducible, and pure, that is free from components of 
flow from adjacent arteries, the electrocardiogram 
and jugular flow signals were then recorded simul- 
taneously on the chart recorder at a paper speed of 
50 mm/s using a foot switch control. Recordings 
were obtained whenever possible from both left 
and right jugular veins, after which a recording of 
the carotid velocity trace was also made to verify by 
comparison that there was no arterial component in 
any of the venous flow recordings. Zero flow was 
recorded routinely and regularly as a reference level 
and both venous and arterial forward flows were 
displayed as positive deflections by the appropriate 
use of the reversal switch, standard to this instru- 
ment. 

Areas under flow velocity curves were calculated 
as follows. First, the original traces were photo- 
copied. Second, areas were then measured both by 
planimetry (Allbrit Planimeterf) and by weighing 
(Stanton CL4D§) each carefully dissected photo- 
copied flow velocity waveform. The latter method 
was found to be considerably more accurate and 
reproducible than planimetry. Values for each 
patient are the means of seven to 20 cardiac cycles, 
depending upon availability. Only those cardiac 
cycles showing both atrial and ventricular filling 
waves were selected for this portion of the study. 

All patients had previously undergone a standard 
postoperative cardiac catheterisation to assess their 
haemodynamic status. ' 


Results 


POSTOPERATIVE CARDIAC 

CATHETERISATIONS 

These data are summarised in Table 1. Patients in 
the Mustard and Senning groups could not be dis- 
tinguished from one another by pressures in the left 
ventricle, pulmonary artery, or systemic venous 
atrium, or by the left ventricle to pulmonary artery 
pressure gradient. Additionally, none of these four 


+Parker Laboratories, New Jersey, USA. 
Stanley and Co, London. 
§Stanton Ltd, London. 
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variables was found to correlate with any of the 
height or area ratios derived from the velocity 
traces. 

There was no evidence of mitral regurgitation in 
any of the children. 


Table 1 Postoperative catheterisation results in 
patients corrected for transposition 








LV PA LV-PA Systemic 
(mmHg) (mmHg) gradient venous atrium 
(mmHg) (mmHg) 
Mustard 32:9 £33 230 +22 9942-7 S8+1-1 
Senning 346429 2019409 128230 75208 
NS NS NS NS 





Values are means and standard errors. NS, not significant. 


DIAGNOSIS OF SUPERIOR VENA CAVAL 
PATHWAY OBSTRUCTION 

Criteria for the non-invasive diagnosis of superior 
vena caval pathway obstruction using transcu- 
taneous bidirectional Doppler ultrasound recordings 
from the jugular vein have already been published!” 
and Doppler recordings taken from children of both 
the groups in this study were similarly examined for 
signs of obstruction. No such signs were apparent 
in any of the children and this finding was sup- 
ported by data obtained from each of the children 
at postoperative cardiac catheterisation. No gradient 
higher than 1 mmHg between the superior vena 
cava and the systemic venous atrium was found in 
any of the children from the Mustard group, and 
none higher than 4 mmHg found in the Senning 
group (the two in this group with a 4mmHg 
gradient showed no signs of azygos filling during a 
superior vena caval angiogram). 


Fig. 1 Jugular venous flow in 

a normal child. Flow towards the 
heart is depicted as above the 
zero line. There are two maxima 
of forward flow, the first during 
ventricular systole is of atrial 
filling. The second, in ventricular 
diastole, occurs once the 

tricuspid valve has opened. 
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COMPARISON OF ATRIAL FUNCTION 

AFTER MUSTARD AND SENNING 

PROCEDURES 

A typical example of the jugular venous flow 
velocity trace seen before the current study in a 
number of normal children is shown in Fig. 1. 
Similar patterns have been observed by other 
workers,4-1® These patterns are characterised by 
two waves of forward flow. The first, of atrial 
filling during ventricular systole, is the result of a 
combination of atrial relaxation and tricuspid 
descent. The second, in ventricular diastole, reflects 
filling of the ventricle once the tricuspid valve has 
opened. The two maxima of forward flow are 
followed by a wave of reduced or reverse flow 
coinciding with and probably caused by the atrial 
systole of the next cardiac cycle. 

The pattern seen in most post-Mustard cases is 
shown in Fig. 2a. It is characterised by a partial 
or total loss of the forward flow wave in ventricular 
systole and by no reversal of flow during atrial 
systole. A typical jugular flow pattern seen in post- 
Senning cases is shown in Fig. 2b. Forward flow 
velocity in ventricular systole was also reduced 
compared with normals but much less so than in the 
post-Mustard cases, with definite ventricular 
systolic maxima seen in most or all cardiac cycles. 
When the relative incidence of atrial filling waves 
over the entire record of cardiac cycles for each 
patient was measured and means calculated for 
each group, the results showed that atrial filling 
waves were significantly more frequent after 
Senning’s procedure than after the Mustard 
alternative (Table 2). 

The jugular venous velocity waveforms were then 
analysed in two further ways, as shown in Fig. 3. 
Mean relative height and area ratios for post- 
Mustard and post-Senning patients are presented 
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in Table 3. These results show that the relative 
height ratio is significantly higher (p<0-05) for 
Senning's operation (0-613) than for Mustard's 
procedure (0-455). The difference between the area 
ratios was even more pronounced, with the value for 
Senning's operation (0-436) significantly higher than 
the value for Mustard's procedure (0-226). 


Discussion 


The results have indicated that atrial filling charac- 
teristics after the Mustard and Senning procedures 
are qualitatively and quantitatively different. The 
data give no information on the relative ventricular 
filling characteristics. As the two groups of patients 
were statistically inseparable, however, in terms of 
their left ventricular and pulmonary arterial pres- 
sures (and their mean difference) it may be assumed 
that their ventricular function was similar. 
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Fig. 2 Typical jugular venous 
| flow velocity recordings in 
i patients after surgical correction, 
1 s of transposition of the great 
arteries. Flow towards the heart 
is depicted as above the zero 
; lines. Fig 2a shows that after 
Mustard’s procedure forward 
flow during ventricular systole 
(atrial filling phase) is almost 
or entirely lost. Fig 2b shows 
*^ that though atrial filling is not 
| f as good in Senning’s repair as in 
normal children, it is 
substantially better than in 
Mustard’s procedure in terms of 
its incidence, rate, and volume. 


F ! l ; 
E go A 4 : 


'The dominant factor producing forward jugular 
flow in ventricular systole is uncertain. There: is 
some evidence!^ that in patients without transposi- 
tion, tricuspid descent with a closed tricuspid valve 
is more important than atrial relaxation in promoting 
systolic superior vena caval flow. In post-Mustard 


, patients the mitral valve may well be restrained 


from normal descent by the baffle. This, in combina- 
tion with reduced atrial volume and compliance, 
tends synergistically to diminish forward venous 
flow in ventricular systole. 

The fact that there was no clinical or angio- 
graphic evidence of mitral regurgitation in any of 
the patients is supported by the ultrasonic results. 
Tricuspid regurgitation in patients without trans- 
position creates retrograde jugular venous and 
superior vena caval flow during ventricular 
systole*4 1? 15 and similar results would have been 
expected in patients in the current study if mitral 
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regurgitation were present after Mustard’s or 
Senning’s procedure. 

The inequality of the mean ages of the two groups 
examined in this study was because the Mustard 
operation was largely discontinued in Leiden some 
time ago in favour of Senning’s procedure. While 
it is clear that ideally the groups would be identical 
in terms of current age and also their age at opera- 
tion, it is perhaps relevant to point out that the 
jugular venous velocity flow pattern in normal 
children changes little with age. Therefore, for 
children in the current study, with no caval obstruc- 
tion or impaired mitral valve function, change with 
time in jugular flow characteristics would not be 
anticipated. This is also supported by the experience 
of jugular venous flow velocity recordings made in 
children of all ages after the Mustard operation at 
Great Ormond Street Hospital. 


Table 2 Relative incidence of atrial filling waves 
per 100 cycles in jugular venous flow velocity 
recordings 








Mustard 56411 
Senning 89 42 
p<001 





Values are means and standard errors. 
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Jugular venous flow velocity traces seen in post- 
Mustard cases without caval obstruction at Leiden 
were indeed similar to those seen at Great Ormond 
Street Hospital in a previous study? except that 
atrial filling may have been slightly better in the 
latter group. We did not wish to include this latter 


Fig. 3 This is a jugular venous 
velocity recording from a patient 
after Senning’s repair. Height 
ratios in all patients were 
determined by dividing the 
distance from zero to H1 by the 
.distance from zero to H2. 

Mean values for each patient 
were derived by measuring many 
cardiac cycles, and these means 
vere then pooled to give the 
group data. A similar process was 
used in determining the means of 
the area ratios A1/A2. 
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Table 3 Dimensions of atrial filling waves compared 
with ventricular filling waves 





Mustard versus Senning—Atrial filling 





Height ratio Area ratio 
Mustard 0-455 0-226 
Senning 0:613 0-436 
t 2:322 4870 
p «0-05 «0-001 





Note: Height ratio is result of dividing peak height of atrial filling 
wave by peak height of ventricular filling wave and is thus a measure 
of relative blood velocities. 'T'he area ratio is similarly a measure of 
relative total blood flow during two filling phases. 


group in the current data, however, because it 
represented the addition of another variable (that.is 
slightly different surgical techniques). 

It can be difficult to make ultrasonic transcu- 
taneous jugular venous flow velocity recordings in 
children because they often only keep still and silent 
while a few consecutive waveforms are recorded. 
Consequently traces may consist of noisy, useless 
information interspersed with the data of interest. 
Recordings taken in this study were no different, but 
subsequent recognition of those noiseless traces that 
are derived from jugular venous flow only is never 
difficult even to the inexperienced eye. 

The comparison of height and' area ratios in the 
present study contains an inherent inaccuracy be- 
cause atrial filling waves were significantly less 
frequent in the Mustard group (Table 2). As only 
those cardiac cycles with atrial filling waves could be 
analysed in terms of height and area ratios, dispro- 
portionate values must result. Atrial filling waves 
occurred only 56 per cent of the time in the Mustard 
group. The true value of the ratios is therefore 
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overestimated by a factor of approximately two. 
The value of 89 per cent, however, for the Senning 
patients suggests that the overestimation of the ratio 
in this group is only of the order of 10 per cent. 
The effect of this transformation is that Table 3 is 
substantially biased in favour of the Mustard 
results. Despite this, the ratios are both significantly 
better for the Senning group. The haemodynamic 
significance of the height ratio is that it reflects the 
absolute velocity of blood along the jugular vein 
during the atrial and ventricular filling phases. The 
height of the atrial filling wave will be influenced by 
a number of factors, notably, the ability of the 
mitral floor to descend during ventricular systole, 
atrial compliance, and the rate of atrial relaxation. 
Though this ratio was significantly different in the 
two groups it is not possible to say which of the 
above factors is predominantly responsible for this 
difference. Though the Mustard baffle would 
probably affect the former two, in Senning’s repair 
there is physically more live atrial muscle to relax. 

The relevance of the area ratio is that it reflects 
the total volume of blood passing along the jugular 
vein during the atrial and ventricular filling phases. 
Therefore, this ratio gives an indication of atrial 
capacity, which is affected not only by the variables 
controlling the height ratio but also by physical 
size. Sequential studies on these patients would be 
required to ascertain whether these ratios do change 
with time; if the atria grow with the patient in 
Senning’s repair then this might perhaps lead to 
consistent ratios throughout life. The static, non- 
growing nature of Mustard’s repair might lead one 
to suspect that ratios are better in the immediate 
postoperative period than in the ensuing years as the 
patient grows. Jugular venous flow velocity re- 
cordings in many such children at Great Ormond 
Street Hospital suggests, however, that this is not so, 
and that the remaining atria may grow sufficiently 
to prevent further reduction of the ratios. 

Ratios were highly consistent for the Senning 
group. In the group of eight Mustard patients, 
however, six had poor ratios but two were as high 
as any in the Senning group, showing that good 
atrial filling can occur in some patients despite the 
interatrial baffle. The fact that none of these 
ratios for either operation correlated with the 
haemodynamics supports the view that they are 
principally affected by physical restraints placed 
upon the atria as well as the limitations of atrial 
volume and compliance rather than by the pressures 
and gradients beyond the mitral valve. 

Since the haemodynamics of the Mustard and 
Senning groups were statistically inseparable and 
there was also no correlation between ratios and 
haemodynamics, we may conclude from the results 
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that the Senning operation compromises atrial 
volume and compliance less than Mustard’s pro- 
cedure. We cannot necessarily conclude that the 
Senning operation is the treatment of choice. A large 
alteration in atrial filling might have a relatively 
small effect on total cardiac performance, and 
systemic venous return is but one aspect of the 
comparison required. Pulmonary venous return, 
ventricular function, and arrhythmias are also im- 
portant. Furthermore, with longer follow-up, the 
differences between the two groups might diminish. 
At the University Hospital, Leiden, there is cur- 
rently a total commitment to the Senning operation 
if repair of transposition by redirection of venous 
inflow is sought. At The Hospital for Sick Children, 
Great Ormond Street, however, both the Mustard 
and Senning operations are still being evaluated; 
the present policy is for one surgeon to perform only 
Senning’s repair and the other only Mustard’s 
procedure. It is hoped that ultimately a consistent 
surgical approach to transposition of the great 
arteries will be reached in the light of the current 
study, data reflecting long-term morbidity and 
mortality, and the results of alternative procedures 
such as the arterial switch. ` 
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Unsuspected coronary artery disease as cause of 
chronic atrioventricular block in middle age 
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SUMMARY Attention has recently been drawn to the relatively poor prognosis of middle aged patients 
paced for chronic atrioventricular block when age-linked expectation of life is taken into account, and 
it has been suggested that this may be the result of underlying coronary artery disease, despite the 
absence of symptoms to suggest this. It was the purpose of this study to determine the incidence of 
unsuspected coronary artery disease in middle aged patients presenting with chronic atrioventricular 
block. 

Studies were made on a consecutive series of 30 patients aged 45 to 65 (mean age 56 years) with 
chronic atrioventricular disease who had been referred for pacing. Patients presenting with acute 
myocardial infarction or angina or with sinuatrial disease without atrioventricular disease were excluded. 
Coronary arteriography disclosed the presence of severe coronary artery disease in 13 patients. Of the 
remaining 17 patients, four had congestive cardiomyopathy, two had hypertrophic cardiomyopathy, 


one had aortic stenosis, and in 10 patients the aetiology of the heart block was unknown. 
Myocardial revascularisation was undertaken in six patients with paroxysmal atrioventricular block 
caused by coronary artery disease. Operation did not result in any sustained improvement in atrio- 


ventricular conduction. 


Now that the technique of permanent pacing is well 
established in the management of chronic atrio- 
ventricular block, it seems likely that long term 
prognosis is dependent upon the aetiology of the 
heart block and in particular whether it is caused by 
idiopathic bundle-branch fibrosis, coronary artery 
disease, or cardiomyopathy. Attention has been 
drawn to the relatively poor prognosis of middle 


‘aged patients paced for chronic atrioventricular 


block when compared with older patients, if expecta- 
tion of life, in relation to age, is taken into account, 
and it has been suggested that the poorer outlook in 
such patients is a result of the presence of underly- 
ing coronary artery disease. 

It was the purpose of this study to determine the 
incidence of occlusive coronary artery disease in 
middle aged patients presenting with evidence of 
chronic atrioventricular block and to assess the role 
of coronary vein bypass surgery in the treatment of 
such conduction disorders when paroxysmal. 
Received for publication 9 April 1980 


Patients and methods 


Since. 1976 we have investigated, by cardiac cathet- 
erisation and coronary arteriography, all patients 
aged 65 years or less who were referred for pacing 
because of chronic atrioventricular conducting 
tissue disease. 

Thirty patients, eight women and 22 men, with 
an average age of 56 years, fulfilled these criteria. 
Patients with rhythm disturbances after acute 
myocardial infarction and patients with sinuatrial 
disease without atrioventricular disease were ex- 
cluded. 

Electrocardiographic monitoring at the bedside 
was undertaken in all cases and a portable 24 hour 
electrocardiogram was also obtained with an 
Avionics composite electrocardioscanner. In 12 
patients, intracardiac electrocardiographic studies 
were performed in order to determine the mechan- 
ism of heart block.? Cardiac catheterisation was 
undertaken in all patients and the coronary artery 
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anatomy was defined using the technique described 
by Sones and Shirey,’ severe disease in the lumen 
of the major coronary arteries being defined as 70 to 
100 per cent stenosis. 


Results 


The clinical data of the 30 patients are shown in 
Table 1. The majority of patients presented with 
dizziness or syncope. There were three patients in 
whom the primary complaint was dyspnoea. Two 
patients were free of symptoms. Five patients ad- 
mitted to mild chest discomfort which was in- 
sufficiently severe to report to their referring 
physician. In one of them a history of myocardial 
infarction 11 years before was elicited. 


Table 1 Clinical data on patients with chronic 
atrioventricular block 





No. of patients 30 
56 (range 45 to 65 years) 


Age 

Sex 
Male 22 
Female 8 

Presenting complaint 
Syncope 19 
Dizziness 6 
Dyspnoea 3 
No symptoms 2 





Of the 30 patients, atrioventricular block was 
paroxysmal in 17 and permanent in 13. The electro- 
cardiographic findings are shown, in Table 2. 
Three of the 17 patients with intermittent atrio- 
ventricular block had QRS complexes of normal 
duration, and conduction delay was considered to 
be proximal to the bundle of His. The remaining 14 
patients with paroxysmal atrioventricular block had 
electrocardiographic evidence of bifascicular block; 
atrioventricular block was therefore considered to be 
the result of impaired conduction distal to the 
bundle of His, and this was confirmed in seven of 
the patients who underwent intracardiac electro- 
cardiography. 


Table 2 Electrocardiographic findings in 30 patients 
with atrioventricular block 





Intermittent 17 
QRS «0-12s 
RBBB +LAH 
LBBB 
RBBB alternating LBBB 
Permanent 13 
QRS <0:12s 3 
QRS »0-12s 10 
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LAH, left anterior hemiblock; RBBB, right bundle-branch block; 
LBBB, left bundle-branch block. 

Thirteen patients had permanent atrioventricular 
block. Three of these had a QRS complex of normal 
duration, and conduction delay was considered to 
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be the result of block at atrioventricular or intra- 
Hisian level. The remaining 10 patients had a QRS 
duration of greater than 0-12 s and were considered 
to have infraHisian conduction delay. 


Table 3 Angiographic findings in 30 patients with 
atrioventricular block 





Normal 10 
Severe coronary artery disease 13 
Congestive cardiomyopathy 4 
Hypertrophic cardiomyopathy 2 
Aortic stenosis l 





The results of further investigations in the 30 
patients with atrioventricular block are shown in 
Table 3. Thirteen patients had severe coronary 
artery disease. The remaining 17 patients had either 
insignificant or no coronary disease; two of these 17 
had hypertrophic cardiomyopathy, four patients 
had congestive cardiomyopathy, one had severe 
aortic stenosis, and 10 patients had no evidence of 
additional heart disease. Those patients without 
evidence of coronary artery disease asa cause of 
atrioventricular block were managed by permanent 
endocardial pacing. 


Table 4 Distribution of coronary artery disease in 13 
patients with atrioventricular block and related 
His bundle findings ` 





Distribution of 
coronary artery disease 


Right, LAD +diagonal, 
circumflex + marginal arteries 4 1 

Left main stem, LAD +diagonal, 
circumflex arteries 1 1 

Right, LAD +diagonal arteries 3 - 3 

Right coronary +circumflex 
arteries 1 

LAD -4-diagonal arteries 2 - 

Right coronary artery only 2 


No. of 
patients 


AV nodal InfraHisian 
block block 





w 
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Of the 13 patients with coronary artery disease 
and atrioventricular block, left ventricular angio- 
graphy was considered normal in five patients and 
abnormal in eight. The distribution of the coronary 
artery disease in these patients is shown in Table 4, 
and these results show that three of the 13 patients 
with coronary artery disease and atrioventricular 
block had delay proximal to the bundle of His and 
severe stenosis or occlusion of a dominant right 
coronary artery; 10 had conduction delay distal to 
the bundle of His associated with left anterior de- 
scending coronary artery stenosis, proximal to or in- 
volving the origin of the first septal perforating artery 
in eight cases. There were nine patients with coro- 
nary artery disease and paroxysmal atrioventricular 
block and the other four patients had permanent 
atrioventricular block. 
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Unsuspected coronary artery disease in middle age 


Myocardial revascularisation by coronary vein 
bypass grafting was undertaken in six patients with 
paroxysmal atrioventricular block caused by cor- 
onary artery disease. Five patients before operation 
had had recurring paroxysmal atrioventricular 
block, shown by intracardiac electrocardiography 
to be infraHisian in site. After operation in each case 
there was a temporary return to sinus rhythm during 
the first few postoperative days but this was 
followed by a recurrence of paroxysmal atrioven- 
tricular block. These patients had demand endo- 
cardial pacemakers inserted before hospital dis- 
charge. . 

The remaining patient had had infrequent 
episodes of atrioventricular block and the effect of 
operation was difficult to assess. This patient, 
however, has remained symptom free in the 12 
months since operation without the need for 
permanent pacing. 


Discussion 


The aetiology of chronic atrioventricular block is 
frequently difficult to determine. in the living 
patient. Even a history of cardiac pain on effort 
may not indicate coronary disease since it may be 
secondary to slow heart rates or to cardiomyopathy. 
Coronary disease was undoubtedly implicated too 
often in the past," and factors exaggerating its 
importance were the not uncommon precipitation 
of acute heart block by infarction and electrocardio- 
graphic evidence of changing T waves which may 
not be recognised as simply occurring secondary to 
pacing.!? In this series the electrocardiogram was of 
no value in predicting the presence of underlying 
coronary disease. It was of interest that the majority 
of patients had a wide QRS complex and this 
observation compares closely with our clinico- 
pathological findings in a series of 134 patients with 
chronic complete heart block of whom 111 had a 
QRS duration of greater than 0-12 s. 

The incidence of coronary artery disease as a 
cause of chronic heart block in the elderly was 
studied at necropsy by Davies." In a series of 100 
patients (mean age 70 years) he found that only 15 
per cent of the patients had coronary artery disease 
of sufficient severity to account for the heart block. 
Thus, isolated disease of the conduction tissue was 
the most common cause of chronic atrioventricular 
block and this explains the relatively normal 
expectation of life once paced.!? Younger patients 
do not fare as well when age-linked expectation of 
life is taken into account! and the finding of severe 
coronary disease in 13 of the present series of 30 
patients probably accounts for this observation. 
The incidence of coronary artery disease in a con- 
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trolled normal population of similar age is unknown. 
Indirect evidence taken from patients undergoing 
isolated aortic valve replacement for a congenitally 
bicuspid valve or mitral valve replacement for rheu- 
matic mitral valve disease suggests the presence 
of additional unrelated coronary artery disease in 
approximately 20 per cent of patients. }3 (and unpublished 
data) Thus, the higher incidence of coronary artery 
disease in those patients with chronic atrioventri- 
cular block makes it the likely cause of the conduc- 
tion disturbance rather than an associated finding. 

An understanding of the pathological processes 
involved in the production of atrioventricular block 
by coronary artery disease can only be based on 
knowledge of the blood supply to the conduction 
system. The most elegant demonstration of this 
aspect is the work of James and Burch" using a 
vinylite injection technique. In 43 human hearts 
examined, the coronary artery which crossed the 
posterior crux of the heart (right 8395, left 795, and 
both 10%) supplied the atrioventricular node, main 
bundle, and the origins of the bundle-branches. The 
bulk of the interventricular system was supplied by 
long penetrating branches derived from the anterior 
descending coronary artery. The anatomical findings 
of James and Burch have been confirmed in a post- 
mortem angiographic study of 192 human hearts.!5 
On a theoretical basis in man, right coronary artery 
occlusion would cause nodal ischaemia and con- 
duction delay proximal to the bundle of His; left 
anterior descending occlusion would cause bundle- 
branch ischaemia and delayed conduction distal to 
the bundle of His. 

In our study, it was therefore of considerable 
interest to find a direct relation between the 
anatomical distribution of the coronary disease and 
the level of atrioventricular block, a correlation 
which appears to hold more closely for left anterior 
descending disease than for right coronary artery 
disease, though an isolated right coronary stenosis 
was an uncommon finding. 

When heart block is paroxysmal in patients with 
obstructive coronary artery disease it is tempting to 
consider coronary vein bypass surgery in their 
management but so far the results have been dis- 
appointing. The early return to sinus rhythm 
observed in all patients during the perioperative 
period was presumably related to increased sympa- 
thomimetic drive. Coronary artery bypass grafting 
conceivably improved conduction in the one patient 
with conduction delay proximal to the bundle of 
His. The lack of success in the remaining cases 
probably reflects irreversibility of conducting tissue 
damage. 

In conclusion, this study indicates that there is a 
high incidence of severe coronary artery disease in 
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those patients less than 65 years of age with chronic 
atrioventricular block (13 of 30 cases). In addition, 
there was a close relation between the level of the 
heart block and the distribution of the coronary 
artery disease. Lastly, coronary bypass surgery 
proved to be ineffective in improving distal atrio- 
ventricular conduction in those patients with 
paroxysmal atrioventricular block which was con- 
sidered to be a result of occlusive coronary artery 
disease. 
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Assessment of left ventricular contractility during 
supine exercise in children with left-sided cardiac 
disease | 


BRUCE S ALPERT,* KENNETH R BLOOM,t PETER M OLLEY 


From the Division of Cardiology, Department of Paediatrics, The Hospital for Sick Children, 
Toronto, Canada 


SUMMARY Exercise stresses the cardiovascular system and causes it to use its reserve capacities. Exercise 
assessment may unmask abnormalities of left ventricular contractility not suspected from or detected by 
resting measurements. We have studied the following indices of left ventricular contractility in 21 
children with left-sided congenital heart disease: maximum dP/dt, Vmax, Vpm, Vcf, and peak meridional 
wall stress. Studies were performed in the supine posture at rest, and at 25 per cent, and 50 per cent of a 
predetermined maximal upright workload on a bicycle ergometer. The method of measurement used 
simultaneous high fidelity catheter pressure tracings and M-mode echocardiography. There were no 
complications and the technique appeared practical and safe. The measurements of contractility dif- 
ferentiated patients with left ventricular volume or pressure overload from each other and from patients 
with either volume plus pressure overload, or myocardial dysfunction. These measurements can be used 
to measure the functional reserve capacity of patients with left-sided lesions, and may be useful in follow- 


up studies, especially before and after operation. 


Adult studies have shown that exercise may un- 
mask abnormalities of left ventricular contractility 
not detected at rest.! 2? No such information exists for 
children. There are few data concerning the assess- 
ment of left ventricular contractility at rest in normal 
children, and in those with congenital] heart 
disease.2-* Computer analysis of high-fidelity 
catheter pressures readily allows measurement of 
indices of contractility, such as maximum dP/dt, 
Vmax, and Vpm, the normal resting values of which 
in children have been published.?-5 By combining 
the pressure tracing with a simultaneous M-mode 
echocardiogram measuring left ventricular volumes, 
Vcf and peak meridional wall stress may also be 
calculated.’ 8 These indices may be used during 
exercise to assess the reserve capacity of patients’ 
ventricular functional performance. Though the use 
of indices of contractility has been questioned,? 
proponents of other methods of assessment have 
failed to show any superiority for their techniques. 


*Supported by the Ontario Heart Foundation. 


+Present address: Division of Cardiology, Department of Medicine, 
Brooke Army Medical Center, Fort Sam Houston, Texas 78234, 
USA. 
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The purpose of this study was to evaluate the 
feasibility, safety, and potential value of measuring 
in this way indices of left ventricular contractility, 
that is, maximum dP/dt, Vmax, Vpm, Vcf, and peak 
meridional wall stress, during supine cycle ergometer 
exercise in children with left-sided cardiac disease, 
using this combination of M mode echocardiogram 
and high fidelity pressure tracings. 


Patients and methods 


Patients were selected from those admitted for 
routine cardiac catheterisation. The procedure: was 
approved by the Committee on Human Experi- 
mentation, The Hospital for Sick Children, and the 
University of Toronto. Informed written consent 
was obtained either from the parents or the patient. 
Patients were included if they were over 7 years of 
age and had left-sided pressure or volume overload 
or cardiomyopathy, but had no left-to-right shunt. 
Twenty-one patients completed the procedure 
(Table). The haemodynamic or functional abnor- 
malities were as follows: left ventricular pressure 
overload group (n=13), left ventricular volume 
overload group (n=3); left ventricular pressure 
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plus volume overload group (n=3); congestive 
cardiomyopathy (n —1); previous resection of a left 
ventricular outflow tract obstruction with no 
residual gradient (n —1). 


Table Clinical data 








Case Age (y) 
Group no. ———————— Diagnosis 
Mean Range 
Pressure 
overload a 1-6 13:5 11-16 Aortic valve or 
. subvalve stenosis; 
trivial or no aortic 
regurgitation 
b 7-13 126 10-17 Coarctation of aorta 
Volume 
overload a 14,15 150 14-16 Aortic regurgitation; 
systolic gradient 
across aortic valve 
<20 mmHg 
b 16 14 — Mitral regurgitation 
Pressure +- i 
volume 717-19 120 8-18 Aortic stenosis plus 
overload significant aortic 
regurgitation 
Cardiomyopathy 20 19 — Non-obstructive 
cardiomyopathy 
Postoperative 21 12 — Postoperative 


subaortic diaphragm 
resection, no 
residual systolic 
gradient 





The day before catheterisation, each patient 
underwent a simple upright progressive stress test 
on an electronically braked cycle ergometer (model 
AM368, 368, Elema-Schonander, Stockholm, 
Sweden) as described by Godfrey er al.1° The 
maximum upright workload achieved and main- 
tained for one minute (kilogram metres) was used 
as the basis for the exercise period during cathe- 
terisation. The mean workload achieved was 876 
(kg m) +300 (SD) (range 500 to 1400). This work- 
load corresponded to 97 +15 per cent of that pre- 
dicted (range 75 to 127 per cent). 

On the day of catheterisation the patients were 
only mildly sedated (meperidine 1-0 to 1-5 mg/kg 
and diazepam 0-2 to 0-3 mg/kg by mouth) in order 
to be able to perform ergometer exercise. The right 
antecubital fossa was anaesthetised with 2 per cent 
xylocaine and catheters were placed in the median 
basilic vein by cut-down, and in the right brachial 
artery by the percutaneous technique. After 
diagnostic haemodynamic data had been obtained, 
a high fidelity catheter, zeroed to atmospheric 
pressure, either a twin sensor (one in left ventricle, 
one in aorta) or single sensor (left ventricle) was 


placed in position via the brachial artery (Model: 


PC-761 or PC-350, Millar Instruments, Inc., 
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Houston, Texas). The zero calibration was repeated 
after pressure measurements were completed to 
ensure that no drift had occurred. 

Echocardiograms were recorded with a hand-held 
0-25 or 0:5 in, 5 cm focused, 2°25 MHz transducer 
(Aerotech, Inc, Lewiston, Pennsylvania) and a 
Hoffrel Model 101 ultrasonoscope (Hoffrel Instru- 
ments, Norwalk, Connecticut), and a Cambridge 
multichannel recorder (Model 1005, Cambridge 
Instrument Co, Ossining, New York). The echo- 
cardiogram traces during catheterisation were at the 
level of the left ventricular cavity just below the 
tips of the mitral valve leaflets. The left ventricular 
pressure tracing and electrocardiogram were super- 


‘imposed on the echocardiogram to allow simul- 


taneous analysis 
(Fig. 1 and 2). 
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Fig. 1 Simultaneous M-mode echocardiogram of the 
left ventricular (LV) cavity, endocardium (endo), 
and interventricular septum (IVS) with the 
high-fidelity LV pressure (LVP) superimposed. 
Arrows show method of measurement of IVS thickness, 
LV end-diastolic dimension (EDD), end-systolic 
dimension, (ESD), and wall thickness (h). Epi, 
epicardium. 
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The patient was moved to the caudal end of the 
catheterisation table for supine exercise. After his 
feet had been raised into the ergometer pedals 
(approximately 20cm above the level of the 
catheterisation table, depending on the size of the 
patient) for at least three minutes, measurements 


were carried out at rest. T'hese measurements in- - 


cluded the maximum value for the first differential 
of pressure versus time (left ventricular dP/dt), 
the peak velocity of muscle shortening (Vpm), and 
the maximum velocity of the contractile element 
(Vmax) derived from a Hewlett-Packard cathe- 
terisation data analysis system, model 5600. The 
dP/dt, Vpm, and Vmax values from case 16 
(mitral regurgitation) were not included because 
of the lack of an isovolumic contraction period. 
The computer system calculated dP/dt by a 
differentiator with a 16 Hz cutoff. Vmax and Vpm 
were calculated from derived left ventricular pres- 
sures as described by Mirsky et al. with K =30. 

From the echocardiographic and pressure re- 
cordings, the mean velocity of circumferential 
fibre shortening (Vcf) and peak meridional wall 
stress were calculated. The echocardiographic Vcf 
was calculated as follows: 


LVEDD - LVESD 
LVEDD x LVET 


where LVEDD =left ventricular end-diastolic di- 
mension, LVESD —left ventricular end-systolic 
dimension, and LVET —left ventricular ejection 
time. 
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Fig. 2  Echocardiograms and 
pressure traces with increasing 
exercise levels in the same 
patient: (A) at rest; (B) at 
25 per cent maximum workload ; 
( C) at 50 per cent maximum 
workload, For method of 
measurement, see Fig. 1. 


The left ventricular ejection time was obtained 
by computer by simultaneous analysis of heart rate, 
left ventricular pressure, and aortic pressure. The 
peak value for meridional wall stress was obtained 
from the following equation: 
meridional wall stress 
. LV pressure x LV dimension 

4h (1 4- h/dimension) 
where h=left ventricular endocardial thickness. 
The necessary variables were measured at 40 ms 
intervals and wall stress was calculated; the largest 
value was equated with peak meridional wall stress. 

After the data for each of the above indices had 
been obtained, the patient began to pedal at 60 
revolutions per minute at a workload approximately 
25 per cent of the previous day’s maximum upright 
workload. Because of technical limitations, this 
workload was the nearest 50 kg m multiple. After 
two and a half minutes were allowed for the achieve- 
ment of a steady state, the variables were recorded 
again. After satisfactory data had been collected, the 
workload was increased to 50 per cent of the 
maximum upright workload and after two and a 
half minutes the variables were measured for a third 
time. After completion of the exercise studies, the 
patient returned to the cranial end of the cathe- 
terisation table for angiography. 


x 10? dynes/cm?, 


STATISTICAL ANALYSIS 
Data were evaluated within clinical groups by 
analysis of variance. If variance ratios were not 
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unequal, then P values were obtained by either 
paired or unpaired Student’s t test. The data shown 
in the figures are mean values; no rigorous com- 
parison of variables between groups was made 
because of the small numbers of patients. 


Results 


MAXIMUM DP/DT 

The values for maximum dP/dt at rest (Fig. 3) 
showed a small separation, which reflected the 
patients’ haemodynamic abnormalities. The patients 
with left ventricular pressure overload and pressure 
plus volume overload had the highest values, while 
those with left ventricular volume overload and 
muscle dysfunction had lower values. The responses 
to exercise showed further separation than at rest. 
The rise from rest to 25 per cent maximal upright 
workload and from 25 to 50 per cent was significant 
(p «0-01) in both the patients with aortic stenosis 
and those with coarctation. 

To allow for differing initial values, the per- 
centage changes from resting measurements were 
calculated (Fig. 4). The patient with cardiomyo- 
pathy (case 20) showed only a small increase from 
the resting to the 25 per cent level; all other patients 
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had larger increases. At the 50 per cent level, the 
same case showed a decrease to below the resting 
value, whereas other patients showed an increase of 
at least 65 per cent above it. 


VPM 

The resting values for Vpm (Fig. 3) were closely 
grouped. As the exercise level increased there was a 
wider separation of values, with the increases in the 
aortic stenosis and coarctation groups significant 
at the p < 0-02 and p « 0:001 level, respectively, for 
the interval from rest to 25 per cent of maximum 
upright workload. The small number of values for 
the 50 per cent level precluded their analysis. Again, 
patients with left ventricular pressure overload 
showed the highest values. Analysis by percentage 
changes from baseline (rest) values (Fig. 4) ap- 
peared to increase the separation obtained. The 
left ventricular volume overload and volume and 
pressure overload groups, however, had changed 
places in comparison with their curves of maximum 
dP/dt. 


VMAX 
As with the previous two indices, values at rest 
(Fig. 3) were too close to separate the various 
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Fig.3 LV pressure-derived indices of contractility with increasing exercise levels: (A) maximum dP/dt 
(mmHg[s) ; (B) VPM (s); (C) Vmax (s). Clinical groups of patients represented by the following symbols : 
Circles, pressure overload: @, aortic stenosis; O, coarctation; squares, volume overload : 

W, aortic regurgitation; À, volume plus pressure overload; &, cardiomyopathy; X , postoperative resection. 
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Fig. 4 Percentage changes (% A ) from resting values for LV pressure-derived indices of contractility with 
increasing exercise intensity : (A) maximum dP/dt; (B) VPM; (C) Vmax. Symbols as in Fig. 3. 


haemodynamic groups reliably. The increase from 


rest to 25 per cent of maximum upright workload 
was significant in both pressure overload groups 
(p«0-01 (aortic stenosis) and p «0-001 (coarcta- 
tion)). The rise in the intensity of exercise led to the 
same pattern of values as with Vpm. The patients 
with left ventricular pressure overload had the 
highest values; those with combined pressure plus 
volume overload intermediate values, and those with 
left ventricular volume overload or muscle dys- 
function the lowest values. The percentage change 
plot (Fig. 4) failed to add further specificity. 


VCF 

The values from all patients except case 20 showed 
almost linear responses with increasing exercise 
levels (Fig. 5). The patient with cardiomyopathy 
(case 20) showed a transient increase, followed by a 
fall below baseline at the 50 per cent level. This 
pattern was similiar to his data for dP/dt. 

The patient with mitral regurgitation, whose 
values for Vpm, dP/dt, and Vmax could not be 
included because of the lack of an isovolumic 
contraction period, had a Vcf response which 
closely resembled the two other patients with left 
ventricular volume overload. 


PEAK MERIDIONAL WALL STRESS 
The values of peak meridional wall stress (Fig. 5) 
varied widely at rest, but at 50 per cent of maximal 


upright workload, the patients within subgroups 
became very similar. The patients with pressure 
overload maintained relatively low values for peak 
wall stress with increasing exercise intensity, while 
those with left ventricular volume overload con- 
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Fig.5 Echocardiographic and LV pressure-derived 
indices of contractility plotted against increasing 
exercise levels: (A) Vef (circ[s) ; (B) peak meridional 
wall stress ( dynes|cm? x 10^). Symbols as in Fig. 3, 
with the addition of U1, the patient with mitral 
regurgitation. 
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sistently maintained higher levels of peak wall 
stress. The combination of left ventricular pressure 
and volume overload did not give intermediate 
values as with Vmax, Vpm, and maximum dP/dt, 
the haemodynamic disturbances appearing to be 
additive, giving this group the highest values of 
peak wall stress. The large increase in this group 
occurred in association with increased left ventri- 
cular end-diastolic pressure, and decreased oxygen 
supply : demand ratio. The myocardium in case 20 
maintained low peak wall stress values. This was 
associated with an unchanged systolic blood 
pressure and lower than expected cardiac output 
with exercise. 


Discussion 


The purpose of this study was to investigate the 
feasibility, safety, and potential value of a combined 
high-fidelity catheter and echocardiographic tech- 
nique to assess left ventricular contractility during 
supine ergometer exercise in children with left- 
sided cardiac lesions. This was carried out in 21 
patients, in none of whom were there complications 
related to the presence of the catheter in the left 
ventricle during exercise. While the number of 
patients is still small, the technique appears safe, 
and may provide valuable additional information 
which will be helpful in the assessment of the 
functional reserve capacity of the left ventricle in 
children either before or after operation. 


CONTRACTILITY INDICES AT REST: 

MAXIMUM DP/DT, VPM, VMAX 

There are few data available concerning left ven- 
tricular contractility indices in children with con- 
genital heart disease. Graham et al. established 
normal values for maximum dP/dt, Vpm, and Vmax. 
Jarmakani et al.4 extended the use of these indices to 
patients with successfully corrected ventricular 
septal defects. The theoretical assumptions that 
must be made in order to calculate these variables 
include: (1) that an isovolumic contraction period 
exists, (2) that left ventricular geometry does not 
change during this contraction, and (3) that there is 
relative independence of these variables from 
preload and afterload. In our study, we did not 
include the values for dP/dt, Vpm, and Vmax in a 
patient with mitral regurgitation because of the 
lack of a true isovolumic contraction period. For the 
same reason, patients with aortic regurgitation 
might also be excluded, but it has been suggested 
that contractility indices are valid unless aortic 
regurgitation is severe!? and in support of this, in 
our patients with this lesion, angiographic regurgita- 
tion diminished considerably near end-diastole, and 
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probably was minimal during the initial phase of 
contraction. In contrast, the indices Vpm and peak 
wall stress do not depend on an isovolumic con- 
traction period, but are still dependent on geometric 
considerations.? 

The normal value for maximum dP/dt is 1410 +50 
mmHg/s.* Our patients with pressure overload and 
pressure plus volume overload had values higher 
than this (Fig. 3). The dP/dt values in the left 
ventricular volume overload group and in cases 20 
and 21 were below normal, similar to Jarmakani's 
patients with ventricular septal defect and un- 
obstructed right ventricular outflow. Our findings 
may confirm Jarmakani’s suggestion that the 
volume-overloaded left ventricle has impaired 
contractility. 

The normal value for Vpm,* 1:30 +0-05/s, was 
exceeded at rest by the left ventricular pressure and 
pressure plus volume overload patients (Fig. 3). 
Again, the patients with volume overload, as well 
as those with congestive cardiomyopathy (case 20) 
and postoperative left ventricular outflow obstruc- 
tion (case 21), had decreased values, in the same 
range as Jarmakani's patients with volume overload. 

The values for Vmax for our patients with pres- 
sure overload were at or only slightly above the 
normal value,* 1-50 +0-09/s, derived from total left 
ventricular pressure (Fig. 3). The other patients 
had lower values, similar to the decreases shown for 
maximum dP/dt and Vpm. 


EXERCISE RESPONSES: 

MAXIMUM DP/DT, VPM, VMAX 

There are no data for normal children during exer- 
cise for any of the left ventricular indices of con- 
tractility measured. Because of the availability of 
sophisticated non-invasive precatheter assessments, 
that is M-mode and cross-sectional echocardio- 
graphy, we have not catheterised any patients with 
trivial heart disease or none at all. 

Our patient with cardiomyopathy had the greatest 
impairment of left ventricular function of all those 
studied; his ability to increase contractility in re- 
sponse to supine exercise was limited (Fig. 5 and 4). 
Previous reports of exercise studies in healthy 
volunteer adults have shown increases in con- 
tractility during isotonic exercise, !4 and impair- 
ment in contractility in patients with acquired left 
ventricular dysfunction.!? We might expect that 
the increases in each of the other groups of patients 
is the more normal response. Whether, in fact, the 
patients with pressure overload, many of whom had 
a hypercontractile angiographic appearance, had 
exercise values for maximum dP/dt, Vpm, and 
Vmax which were above normal cannot be assessed 
as yet. In previous studies, patients with left ven- 
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tricular hypertrophy had impaired contractility at 
rest? and this may not persist during isotonic 
exercise; the added muscle mass may permit 
higher pressures and flows to occur in response to 
peripheral demand. 


ECHOCARDIOGRAPHIC-DEPENDENT INDICES 
AT REST: VCF, PMWS 

Each group of patients showed a separation of Vcf 
values consistent with that predicted from their 
haemodynamics. Vcf, however, has been shown to 
vary with rate and age.!?!? A value of 1-34 3-0-03 
circ/s has been considered normal for patients in this 
age group.*? Only our patient with cardiomyopathy 
(Fig. 4) had a value below that (1:07 circ/s). The 
assumption that changes in contractility are re- 
flected by changes in Vcf can only be valid if the 
change in heart rate after an intervention has been 
taken into account. We did not recalculate Vcf 
values for each patient because heart rates did not 
differ widely in our patients. 

Peak meridional wall stress has been investigated 
in adults’ 5 but in only a few children.* The ad- 
vantages of using an echocardiographic assessment 
of peak meridional wall stress include: the absence 
of the depressive effects of contrast material, the 
lack of any need to assume the long axis measure- 
ment, and the ease with which preoperative and 
postoperative measurements may be compared, 
measurements which are not dependent on the 
placing of epicardial markers. We observed neither 
eccentric left ventricular hypertrophy nor regional 
asynergy in any of our patients. There is evidence? 
that peak meridional wall stress may be a more 
sensitive indicator of ventricular contractility than 
circumferential wall stress. The reason for this is 
related to the assumptions concerning ventricular 
geometry. Circumferential wall stress calculations 
vary às the left ventricle assumes a more spherical 
shape with deteriorating function. So far there have 
been no studies in children on changes in peak 
meridional wall stress with different congenital 
heart lesions. There are data from normal children 
at rest, however. The peak meridional wall stress 
values in nine patients were 1:52 4-0-47 dynes/cm? x 
105 (mean :: SD), with a range of 0:8 to 2:31 (Lee 
Benson, 1979, unpublished observations). 'The 
values in our patients at rest (Fig. 5) were either at 
the upper end of or above the normal range, with 
the exception of the patient with cardiomyopathy. 
His wall stress value was low because of low pres- 
sures and a slightly enlarged but extremely hyper- 
trophied left ventricle. 


EXERCISE RESPONSES: VCF, PMWS 
All patients except the one with cardiomyopathy 
showed almost linear, parallel increases in echo- 
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cardiographic Vcf with exercise. The patients with 
left ventricular pressure overload had the highest 
Vef values both at rest and with increasing exercise 
intensity. The patient with cardiomyopathy had a 
similar increase to the 25 per cent level of maximum 
upright workload but then an abrupt fall to below 
the baseline value at the 50 per cent level. This 
indicates a very poor functional reserve. We are 
unaware of any exercise Vcf data in normal children 
with which to compare those from our patients. 
It seems reasonable to expect that as rate increases, 
with decreased left ventricular ejection time, 
slightly smaller ventricular dimensions, and an in- 
creased ejection fraction, Vcf would increase, but 
without normal data, we cannot judge whether these 
patients with left-sided cardiac abnormalities had a 
high, low, or normal Vcf response. 

With increasing exercise intensity, the peak 
meridional wall stress values showed considerable 
variation. The peak exercise peak wall stress values 
of the patients with left ventricular pressure overload 
were similar to their resting values, suggesting good 
functional reserve of left ventricular contractility. 
'The patients with left ventricular volume overload 
had the highest values at 25 per cent of maximum 
upright workload, indicative of haemodynamic 
changes which lead to a larger left ventricular 
volume overload in the absence of appropriate 
pressure and wall thickness changes necessary to 
normalise peak wall stress. The patients with left 
ventricular volume plus pressure overload hada 
striking increase in peak meridional wall stress with 
increasing exercise intensity. The left ventricular 
end-diastolic pressure rose with exercise and oxygen 
supply demand ratios of these patients had become 
abnormal, so that this rise in peak wall stress 
clearly reflected the impaired left ventricular 
contractility present during exercise. Since these 
patients had among the lowest values for resting 
peak meridional wall stress, exercise unmasked 
abnormal left ventricular function which could not 
have been otherwise predicted. The lack of increase 
in peak meridional wall stress in the patient with 
cardiomyopathy was unexpected. His left ventri- 
cular end-diastolic pressure rose considerably with 
exercise and each of the other indices studied 
suggested that his left ventricular contractility was 
the worst of all of the patients studied. Possibly it 
was so impaired that the myocardium was unable to 
respond to peripheral demands and that he incurred 
a large metabolic debt by the use of anaerobic 
metabolism. 


Conclusions 


We have used a combined high-fidelity catheter 
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and echocardiographic technique to assess left 
ventricular contractility in 21 children during supine 
exercise which appears to be of potential value in 
the pre- and postoperative assessment of the func- 
tional reserve capacity of the left ventricle of 
children with left-sided cardiac disease. There were 
no complications; we consider the technique 
practical and safe. Because of the relatively few 
patients within each subgroup and the lack of age- 
matched controls, the value of it cannot yet be 
accurately assessed. We were able to unmask 
responses which deviated from those theoretically 
expected. The studies were effected by a physio- 
logical intervention, that is exercise; no alteration 
in haemodynamics was introduced by the measuring 
process itself. 
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Aortic atresia occurring with complete transposition 


of great arteries" 


K M McGARRY, J F N TAYLOR, F J MACARTNEY} 
From the Thoracic Unit, The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY Aortic atresia occurring with complete transposition of the great arteries (ventriculoarterial 
discordance) has not previously been reported. A patient with this condition is described, who is alive 
and relatively well at the age of 6 years. This survival contrasts conspicuously with that of patients 
with the far commoner situation of aortic atresia with normally connected great arteries, It is suggested 
that this difference in longevity is a result of the greater ability of the left ventricle to supply both the 


systemic and pulmonary circulations. © 


Case report 


A female Caucasian infant, weighing 3-5 kg, was 
born by normal delivery after an uneventful preg- 
nancy to non-consanguineous parents on 9 May 
1973. Her neonatal progress was unremarkable and 
no abnormality was noted until the age of 14 
months, when a murmur and mild cyanosis were 
discovered at routine examination. The child was 
referred for cardiac catheterisation, underwent two 
inconclusive investigations, and was started on 
digoxin and frusemide for mild cardiac failure. At 
the age of 4 years, she was seen at The Hospital for 
Sick Children. She was complaining of mild 
exertional dyspnoea and sweating, but otherwise 
led a relatively normal life, attending normal 
school. Developmental milestones were normal. On 
examination, she was below the third centile for 
height and weight. She was mildly cyanosed and 
not dyspnoeic at rest. Her heart rate was 140/min 
and regular. There was no clubbing. The peri- 
pheral pulses were of normal volume and syn- 
chronous. The jugular venous pulse was elevated 
with a prominent “ʻa”? wave. The anteroposterior 
diameter of the, chest was much increased. The 
apex beat was to‘the right and a systolic thrill was 
palpable at the right sternal border. An ejection 


*This work was supported in part by a grant from the British Heart 
Foundation, 

+F J Macartney is supported by the Vandervell Trust and the British 
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systolic murmur and a mid-diastolic flow murmur 
were audible maximally in the 3rd right intercostal 
space. The 2nd heart sound was single. There was 
4 cm hepatomegaly and the lungs were clear. 


INVESTIGATIONS 
The chest x-ray film and bronchial tomography 
disclosed situs solitus of the atria and viscera, a 
grossly enlarged heart shadow mainly on the right, 
and increased pulmonary vascularity. 

The electrocardiogram showed a normal P wave 
axis, with right atrial hypertrophy, left ventricular 
hypertrophy, and interventricular conduction delay. 


Table Haemodynamic data 








Site Pressure Mean Oxygen 
(mmHg) pressure Saturation 
(mmHg) — (%) 
Superior vena cava 70 
High right atrium a 28 17 69 
Mid right atrium v 20 62 
Low right atrium 67 
Inferior vena cava 58 
Right ventricle 230/20 
Pulmonary vein 95 
Left atrium a 25 
v 15 13 
Left ventricle 75/8 90 
Ascending aorta 70/50 60 90 
Descending aorta 80/50 70 88 





Qp = 175l/min per m* 
Qs = 73l/min per m* 
PVR = 2:1 units m? 
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The mean frontal QRS axis was indeterminable with 


are recorded in the Table and demonstrate pulmon- 
a clockwise loop. 


ary hypertension, pressure in the right ventricle 

above the systemic, a right-to-left shunt at atrial 

level, and mild systemic arterial desaturation. 
Angiocardiography was performed in both 


The blood haemoglobin concentration was 
13:4 g/dl. Cardiac catheterisation and angiocardio- 
graphy was carried out. The haemodynamic data 





Fig. 1 Left ventricular angiocardiogram in (A) frontal and (B) lateral projections, demonstrating connection of the 
left atrium to the smooth left ventricle (LV) by the mitral valve (MV 


The pulmonary artery (PA) originates from 
the left ventricle. 





Fig. 2. Right ventricular angiocardiogram in (A) frontal projection, early in the injection and (B) lateral projection, 
later in the injection, The catheter has been advanced from the right atrium through the tricuspid valve 
ventricle (RV) is heavily trabeculated and hypoplastic. 


artery (Co) 


The right 

However, the circumflex coronary 
fills from myocardial sinusoids, so that contrast medium passes from the coronary orifice (white arrow) to 
the ascending aorta ( Ao). 


The aortic valve ts atretic 


Aortic atresia with transposition of the great arteries 


ventricles and the ascending aorta through a. 


retrogradely placed catheter. The films showed 
atrioventricular concordance (Fig. 1 and 2). There 
was aortic atresia, with the aorta connected to a 


.hypoplastic right ventricle, and the pulmonary 


artery arising from the left ventricle. A hypoplastic 
ascending aorta was shown to fill through a large 
persistent ductus arteriosus. In addition, some 
opacification of the ascending aorta occurred from 
the right ventricle, not via the aortic valve, but via 
myocardial sinusoids communicating with the 
coronary arteries. The remainder of the systemic 
circulation was supplied by the descending aorta 
from the persistent ductus arteriosus. 

A variety of surgical approaches was considered, 
including bànding of the pulmonary arteries distal 
to the persistent ductus arteriosus, but eventually 
it was felt, in the light of her relatively symptom- 
free existence, together with the lack of a foresee- 
able method of complete repair, that surgical 
palliation was not indicated. Since then she has 
been followed-up in the outpatients’ department 
and now, at the age of 6 years, remains reasonably 
well, attending special school. She continues below 


the third centile for height and weight. Her cardiac 


failure is moderately well controlled on digoxin 
therapy alone. 


Discussion 
The occurrence of aortic atresia in association with 


complete transposition of the great arteries has not 
previously “been recorded.! Our patient is extra- 
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ordinary also in her continued survival and in the 
relatively good quality of her life. Survival to 6, 
years is far in excess of the average age at death 
which is 13:06 days in the common form of aortic 
atresia associated with ventriculoarterial concord- 
ance.! The longest survivor with this more common 
connection is 3-5 years,? though we have recently 
seen an 11-year-old boy with this condition. Though 
we cannot exclude the possibility that her survival 
is simply the result of an unusually large persistent 
ductus arteriosus and lack of restriction at the atrial 
septum,? one cannot ignore the ventriculoarterial 
connection. It does appear that the left ventricle in 
this patient supports the systemic and pulmonary 
circulation far more effectively than does the right 
ventricle in typical aortic atresia with. ventriculo- 
arterial concordance. 
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Premature pulmonary valve opening in a patient 


with absent tricuspid valve 


IVAN A D'CRUZ, SHIRISH N SHAH, RICHARD LEVINSKY, 


ALBERTO GOLDBARG 


From the Cardiovascular Institute, Department of Medicine, Michael Reese Hospital and Medical Center, 
and the University of Chicago Pritzker School of Medicine, Chicago, Illinois, USA 


SUMMARY  Echocardiography (M-mode and cross-sectional) disclosed premature opening of the 
pulmonary valve (very deep “a” wave) in a young man who underwent tricuspid valvulectomy without 
valve replacement 32 months before for refractory bacterial endocarditis. Cardiac catheterisation showed 
a prominent atrial wave on the pulmonary artery pressure curve. Thus, part of the right ventricular 
ejection appeared to occur before the onset of ventricular systole, as a result of powerful right atrial 


contraction. 
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Unusually large “a”? waves on the pulmonary 
valve echo, with failure of the pulmonary cusp to 
return to its closed position before the onset of 
ventricular systole, have been described as charac- 
teristic of moderate to severe pulmonary valve 
stenosis.| In a young man who had had surgical 
removal (but not replacement) of his tricuspid 
valve 32 months previously for bacterial endo- 
cardititis which was refractory to medical treatment, 
M-mode as well as cross-sectional echocardiography 
disclosed premature opening of the pulmonary 
valve. A prominent presystolic “a” wave was noted 
on the pulmonary artery pressure curve. 


Case report 


A 23-year-old heroin addict presented with high 
fever in September 1976 caused by bacterial 
endocarditis (Streptococcus viridans) affecting the 
tricuspid valve. In spite of intensive chemotherapy, 
he became progressively more febrile and toxic; 
serial chest x-ray showed multiple areas of in- 
farction thought to be caused by successive pul- 
monary embolisation and echocardiography 
disclosed large tricuspid valve vegetations. In view 
of the failure of medical treatment, open heart 
surgery to excise the infected tricuspid valve was 
performed; prosthetic valve replacement was 
not done. The patient made an uneventful recovery 
and has been living a normal unrestricted life 
since then, with no symptoms and no limitation 
of effort tolerance. 


On examination (May 1979) prominent jugular 
venous pulsations and hyperdynamic right ventri- 
cular parasternal pulsations were noted. The first 
heart sound was audible at the apex but not at the 
left sternal border. No murmur was heard. There 
was no evidence of congestive heart failure. Right 
atrial and ventricular enlargement were evident 
on teleradiography of the chest. The electrocardio- 
gram showed right ventricular hypertrophy. 

On M-mode echocardiography (Picker System 
80C), the right ventricle appeared dilated and the 
ventricular septum showed paradoxical (anterior) 
systolic motion, attributable to right ventricular 
diastolic overloading. A very large “a” wave was 
seen on the pulmonary valve echo (Fig. 1) and the 
cusp did not return to its closed position before 
the beginning of ventricular systole. Cross- 
sectional echocardiography, viewing the aortic 
root and pulmonary artery in short-axis view, 
confirmed that the pulmonary valve opened before 
the onset of the QRS complex (Fig. 2). 

Right heart catheterisation was performed the day 
after the echocardiogram was recorded. The right 
atrial pressure curve was typical of severe tricuspid 
regurgitation (a—16, v —20 mm, mean=15 mm). 
'The pulmonary artery pressure was normal (peak 
systolic —22 mm, mean —17 mm), but the pressure 
tracing showed a prominent “a” wave (18 mm) 
which followed the onset of the P wave of the 
electrocardiogram, but preceded the onset of the 
QRS complex (Fig. 3). 

The cardiac output was 6:0 l/min and the cardiac 
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index 2:7 l/min per m* (Fick method). Angio- Comment 

cardiography (right ventricular injection) showed 

severe tricuspid regurgitation and dilatation of Very large "a" waves on the pulmonary valve 
the right atrium and ventricle, echo, sometimes referred to as premature pulmonary 


m 





Fig. 1 M-mode echocardiogram. In the left panel, the pulmonary valve ( PV) is seen to open fully after the onset of 
the P wave (large “a” wave), well before the onset of the QRS. ECG, electrocardiogram ; PCG, phonocardiogram ; 
Sı, second heart sound. The right panel shows the left ventricle at chordae tendineae ( CT ) level. The right ventricle 
(RV) is dilated and the ventricular septum (VS) shows paradoxical anterior systolic motion. LVPW, left ventricular 
posterior wall, 





LONG AXIS SHORT AXIS APICAL 


Fig. 2 Cross-sectional echocardiogram. The upper row of six frames shows the posterior cusp of the pulmonary valve 
in different phases of the cardiac cycle, which are indicated on the electrocardiogram by the small black upward 
arrows. The cusp is in an open position in systole (frame A), then closes in early to mid-diastole (B and C), but opens 
in late diastole (D and E) after onset of the P wave. Frame F, during inscription of the S wave, approximates onset 
of ventricular systole. AR, aortic root ; MPA, main pulmonary artery. The lower three frames, in the long axis, 
short axis, and apical views, respectively, were all taken during systole. They show that the right ventricle (RV) is 
dilated, while the left ventricle (LV) is of normal size. The arrow in the apical view indicates where the tricuspid. 
valve would have been seen if it was present. VS, ventricular septum; MV, mitral valve; LVPW, left ventricular 
posterior wall; LA, left atrium; RA, right atrium. 
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valve opening, are considered an important sign 
of moderate to severe pulmonary valve stenosis.! 
This finding has also been noted in a patient with 
aorta-right atrial fistula resulting from rupture of a 
sinus of Valsalva aneurysm,? in a patient with 
Uhf's anomaly of the right ventricle,* in a patient 
with pulmonary regurgitation and right ventricular 
outflow obstruction, and also occasionally in 
constructive pericarditis.® 

Haemodynamic factors predisposing to 
*atriogenic" pulmonary valve opening (that is 
valve opening before the onset of ventricular 
systole), include high right ventricular diastolic 
pressure and unusually forceful right atrial con- 
traction. In our patient, there is evidence that these 
two factors are present. 

The presystolic prominent “a” wave on the 
pulmonary artery pressure curve is an interesting 
feature which has hitherto not been reported, to 
our knowledge, except in a patient with Uhl’s 
anomaly.? It is attributable to unusually strong 
contraction of the right atrium, which in turn 
may result from diastolic overload of this chamber 
(Starling’s law). Chronic massive tricuspid re- 
gurgitation, in our patient, could have produced 
atrial hypertrophy. 

Feigenbaum? mentioned having “‘noted prema- 
ture opening of the pulmonic valve in patients with 
tricuspid insufficiency and right heart failure", 
but added “the pulmonic valve presumably opens 
following rapid rise in right ventricular pressure 
in early diastole that occurs in these conditions". 
In another report from Feigenbaum's laboratory, 
Wann et al. reported five cases of premature 
pulmonary valve opening, detected by M-mode 
echocardiography, three of whom had tricuspid 
regurgitation. 'The authors concluded that, in all 
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their patients, ''alterations in right ventricular 
diastolic pressure relative to pulmonary artery 
diastolic pressure account for opening of the 
pulmonary valve without the contribution of atrial 
or ventricular systole”. 

That surgical removal of the tricuspid valve is 
compatible with life and even the absence of severe 
cardiac symptoms has been well documented,’ ? 
though these authors did not include echocardio- 
graphic data in their reports. 

One of the compensatory mechanisms enabling 
the right heart to cope with the burden of massive 
tricuspid regurgitation is the increased diastolic 
stretch of right ventricular and right atrial myo- 
cardium (Starlings law). Another mechanism, 
demonstrated in our case, is the ability of the 
right atrium to shoulder part of the right heart 
diastolic overload by ejecting part of the right heart 
stroke output into the pulmonary artery, even 
before the right ventricle begins to contract. 


'This patient was operated on by Dr C E 
Anagnostopoulos. 
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Fig. 3 Pressure tracings obtained during right heart catheterisation. The right atrial and right ventricular pressure 
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finding of an “a” wave on the pulmonary artery pressure curve. 
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Use of contrast echocardiography in diagnosis of 
anomalous connection of right superior vena cava to 


left atrium 
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From the Section of Pediatric Cardiology, Department of Pediatrics, Medical College of Georgia, 


Augusta, Georgia, USA. 


SUMMARY A 4-month-old infant with cyanosis but without other abnormal cardiac findings is presented 
in whom the diagnosis of anomalous systemic venous connection to the left atrium was made by contrast 
echocardiography. The diagnosis was later confirmed by cardiac catheterisation and selective cine- 
angiography. When saline was injected into a vein on the dorsum of each hand while echocardiographically 
recording the cardiac structures, the left atrium, left ventricle, and aorta were opacified without 
visualisation of the right ventricle. Similar study with injection into the right foot produced opacification 
of the right ventricle without visualisation of the left-sided structures. These data suggested normal 
drainage of the inferior vena cava with anomalous connection of the superior vena cava to the left atrium. 

A review of the previously reported cases of anomalous connection of the right superior vena cava 
to the left atrium is presented together with the possible embryological origin of this anomaly. 


Since the original description of Gramiak and Shah, 
contrast echocardiography has been used to validate 
echocardiographic identification of cardiovascular 
structures,?? to detect left-to-right or right-to-left 
shunts*~® or valvar regurgitation,‘ > and to diagnose 
a variety of congenital heart defects.* ë 971? We have 
used this technique with peripheral vein saline 
injection? ? to diagnose a unique case of systemic 
venous connection to the left atrium which was 
later confirmed by cardiac catheterisation and 
selective cineangiography. The purpose of this 
report is to illustrate the usefulness of contrast 
echocardiography in the diagnosis of anomalous 
systemic venous connection to the left atrium and 
to present the details of this rare anomaly. Review 
of the previously reported cases of this anomaly 
and a hypothesis of its embryological development 
will also be presented. 


Case report 


À 4-month-old asymptomatic female infant, the 
product of a full-term normal pregnancy, labour, 
and delivery, was found to have moderate cyanosis 
by the paediatrician. After confirming low arterial 
Po, (31 torr in room air) the infant was referred for 
further evaluation. Physical examination was 


completely normal with the exception of moderate 
central cyanosis. The electrocardiogram was normal. 
Chest x-ray films showed a prominent thymic 
shadow and questionable mildly decreased pulmon- 
ary vascular markings. Her haemoglobin was 13-6 g/ 
100ml and haematocrit 41 per cent. M-mode 
echocardiogram was interpreted as normal. Right 
radial artery Po, was 32 torr in FIO, of 0-21 and 
the acid base status was normal. These remained 
unchanged in FIO, of 1-0 for 15 minutes. 
Echocardiograms were performed by standard 
techniques using an Irex Continutrace echocardio- 
graph with a 3:5 MHz focused transducer.?? 14 With 
the patient in the supine position, the transducer 
was positioned along the left sternal border in the 
fourth intercostal space. Recordings of left ventri- 
cular cavity (with the right ventricle anterior to it) 
and aortic root (with the left atrium behind it and 
right ventricular outflow tract in front of it) were 
successively made while injecting 1-0 to 1:5 ml 
normal saline through 25 gauge scalp vein needles 
inserted into veins of the right and left hands and 
right foot. These contrast echocardiograms were 
performed in duplicate. With injection into either 
hand, the left atrium and aorta were opacified 
without the appearance of contrast echoes in the 
right ventricular outflow tract (Fig. 1 A and C). 


718 


719 


Use of contrast echocardiography 


TA "Im4501p40204129]2 “HOY 'powAput st aun 2] 7 A7] 
40 "op “PT ut 5201/22 15041402 moyna (4) AY pub (T) LOAN P uoup2zuytopdo 211 210N. 7100f 11214 211 ut pa122lu1 som sups “pauivigo 3ui2Q 24202 
Napesas 91/1 01 AD]Iuts siib4S01p4D20122 MyM (AA) Piua 11,814 211 ut s201(22 19041402 fo 22upApaddvo moynm (SMOIIB) A'T aya fo uonp2yiopdo 
15$041u02 211 NON *( AY PPHIU 11/814 pup. (A7) 2]ot41u20. 1/2] ayi (q pup g) 8utpa0224 apy oppi 24201 suot122[ut avpnuig 520122 15D41U02 fo 224j 

$1 12041 moj/1no 4p]n»141u2a. 14 211 YY) NON 2122 2DIp4D2 1X2U 21/1 U1 (SMOXIE) DJ40D 21/1 U1 PUP (SMOIIR) asar tunaro 1/2] 911 Ut SIOYII 15D41u02 
fo aoupapoddp 91 NON 's02044D 241 KQ payadue sı uona ou p ‘Spuvy (T) ifo] 40 (x) 148ta fo sua 211 eiut pai»síut som ‘pu c-[ 01 | “Putos 

‘(O puo y ) &udoa3oipapsoyzo apou-py &q (Y7) wmntaip 1/2] pup ‘(op ) 01402 *( LOAM) 12041 aoyino ADNILAMIA TET ayi Butpaooo4 opu M I Su 


p 





" 1 l 
3 VW o EEN S c 
ua Pu M noms PPPS 


«= 





= LO — — _ ~— 


GLH AOA OAL SA 


A ws ^ yA 


— Lm 


ne ——- — 








720 


Similarly, the contrast echoes appeared in the left 
ventricle without opacification of the right ventricle 
(Fig. 1 B and D). When saline was injected into a 
vein of the right foot, the right ventricular outflow 
tract and right ventricle were, respectively, opacified 
without opacification of the left atrium, aorta, or 
left ventricle (Fig. 1 E and F). These data suggest 
venous drainage of both arms into the left atrium 
while the inferior vena cava drains normally. 

The infant was observed over the next few 
months and, though she remained asymptomatic, a 
gradual increase in haemoglobin was observed 
(Hb 15-0 g/100 ml at the age of 8 months). 

Cardiac catheterisation with selective cineangio- 
graphy was performed at the age of 8 months. 
There was minimal systemic venous oxygen 
desaturation without any step-up in O, saturations 
in the right heart (Table 1). The catheter could not 
be advanced into the superior vena cava from the 
right atrium. The catheter could be advanced, 
however, though with difficulty, into the left atrium 
via a patent foramen ovale and from there into the 
superior vena cava and both right and left innomin- 
ate veins. The pulmonary venous oxygen saturation 
was normal and there was a severe step-down in the 
O, saturation at the left atrial level with the resultant 
moderate systemic arterial desaturation. The right 
and left heart pressures were within normal limits 
(Table 1). 

An angiogram was performed with the catheter 
tip positioned in the right innominate vein. The 
right superior vena cava (into which the left 
innominate vein also emptied) was opacified first 
and was then seen to enter the left atrium (Fig. 2 





Fig. 2 
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Table 1 Cardiac catheterisation data 
Site O; saturation Pressure 

( mmHg ) 
Superior vena cava 60 à—6,v—-8,m-7 
Inferior vena cava 62 — 
Right atrium 62 a=4, v=3, m=4 
Right ventricle 60 23/4 
Main pulmonary artery 60 21/14, m=16 
Pulmonary veins (right and left) 98 — 
Left atrium 79 a=7, v=8, m=7 
Left ventricle 79 75/6 
Qp:Qs 05:10 





A and B). The left ventricle and the aorta were 
subsequently filled in a normal manner. A left 
innominate vein angiogram excluded the possibility 
of a persistent left superior vena cava entering the 
left atrium (Fig. 2 C). Selective left atrial angio- 
graphy showed retrograde opacification of the right- 
sided superior vena cava for a short distance but 
there was no evidence for a persistent left superior 
vena cava. Thus, the data from the catheterisation 
and angiography confirmed the diagnosis made 
with the contrast echocardiography. Because of 
lack of symptoms and only mild polycythaemia 
(haemoglbin of 15-0 g/100 ml at the time of the 
catheterisation) surgical correction of the defect 
is deferred for the present but is planned for some 
time in the future. 


Discussion 


CONTRAST ECHOCARDIOGRAPHY 
This infant with cyanosis and significant systemic 


Selected frames (A and B) from posteroanterior and lateral views of right innominate vein 

cineangiogram. Note opacification of right superior vena cava (SVC), left atrium (LA), left ventricle (LV), and 
aorta (Ao) without opacification of right atrium or right ventricle. The left innominate vein ( LInV ) was faintly 
opacified. LInV angiographic frame (C) shows opacification of SVC, LA, and LV without opacification of right 
atrium or ventricle. There was no opacification of a left superior vena cava. C, catheter. 


Use of contrast echocardiography 


arterial desaturation and no other abnormal cardiac 
findings presents an interesting differential diagno- 
sis! which includes pulmonary arteriovenous 
fistula, pulmonary arterial connection to the left 
atrium, and anomalous systemic venous connection 
to the left atrium. We used the contrast echo- 
cardiographic technique to aid in this differential 
diagnosis. In patients with pulmonary arteriovenous 
fistula or pulmonary artery connection to the left 
atrium, one would expect appearance of contrast 
echoes in the right ventricle before being seen in 
the left atrium, left ventricle, or aorta. Further- 
more, in these entities there is no anatomical basis 
for differential echo contrast opacification when 
saline was injected into the veins of the hands and 
foot. Contrast visualisation of the right ventricle 
and right ventricular outflow tract with injection 
into the foot in this infant suggested a normal 
venous drainage of the lower part of the body. 
Opacification of the left atrium, left ventricle, and 
aorta without opacification of the right ventricle 
and right ventricular outflow tract with injection 
into both hands suggested drainage of the upper 
part of the body into the left atrium. Thus, with 
the use of these contrast echocardiographic studies, 
we were able to arrive at the diagnosis of anomalous 
systemic venous connection to the left atrium 
before cardiac catheterisation and selective cine- 
angiography. It could not be determined, however, 
whether an isolated right superior vena cava or 
persistent left superior vena cava alone was present 
or whether both were present. 
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ANOMALOUS SYSTEMIC VENOUS CONNECTION 
TO LEFT ATRIUM 
Although anomalous systemic venous connection 
to the left atrium in association with other congenital 
heart defects!*1’ or with asplenia-polysplenia 
syndromes?® J? is well documented, it is rare as an 
isolated anomaly. To our knowledge, there are only 
four reported cases of isolated anomalous con- 
nection of the right superior vena cava to the left 
atrium.?¢-23 The case reported in this paper is the 
fifth case of isolated right superior vena cava 
connection to left atrium. The pertinent features 
of these five cases are given in Table 2. All but one 
were children at the time of first presentation with 
symptoms. The lone exception was a 34-year-old 
woman reported by Park et al.” All cases including 
ours were female and, therefore, it is tempting to 
postulate a definite sex predilection for this anomaly 
We hasten, however, to add that this apparent sex 
predilection is probably related to the small number 
of cases reported and is a rare coincidence. The 
presenting symptom was cyanosis in all patients, 
with exertional dyspnoea in two. Physical examina- 
tion with the exception of cyanosis was by and large 
normal. Neck vein distension was noted in one case.?* 
This finding may be attributed to severe dilatation. 
of the superior vena cava observed by angiography 
and at operation. But the cause of the dilatation. 
was not determined.?? 

Chest x-rays were normal, as were electrocardio- 
grams except for one case in which the electro- 
cardiogram was interpreted as' left ventricular 


"Table 2 Summary of reported cases of right superior vena cava to left atrium 











Author Age (y) Presenting Physical X-ray Electrocardio- Diagnosis Surgery 
and sex symptoms examination gram 
Wood? 10, F Cyanosis and Single 2nd Normal LVH* Angiography Not 
exercise sound recommended 
intolerance 
Kirsh et al.” 2, F Cyanosis Clubbing ? RV Normal Angiography Successful 
hypoplasia and surgery correction 
Braudo et al. 3, F Cyanosis and Clubbing, neck Normal Normal Angiography Successful 
growth vein distension, and surgery correction 
retardation ejection click, 
and murmur 
Park et al.® 34, F Cyanosis and Normal Normal Non-specific, Angiography Refused by 
dyspnoea on ST, T wave patient 
exertion changes 
Present case 8/12, F Cyanosis Normal Normal Normal Angiography Awaiting 
surgery 
e 
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* See the text. 
LVH, left ventricular hypertrophy; RV, right ventricle. 
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hypertrophy.?? The voltage criteria used,? how- 
ever, would not meet the current criteria.*4 
. Moderate degrees of polycythaemia and arterial 
unsaturation were present in cases in which these 
data were reported. Diagnosis was made by 
angiography in all and in two cases ?!?? the 
diagnosis was also substantiated at operation. The 
role of contrast echocardiography in the diagnosis 
of this anomaly need not be re-emphasised and 
indeed it was the major purpose for reporting this 
case. Nuclear angiography would also be helpful 
in delineating these anomalies. Though cardiac 
catheterisation and angiography remain the most 
useful procedures to confirm the diagnosis, they 
are not without hazard; use of these anomalous 
venous. channels for catheterisation has been 
reported to produce paroxysmal supraventricular 
tachycardia, occasional angina, shock, and cardiac 
arrest.?5 26 

The cases reported by Kirsh et al. and Braudo 
et al.?? had successful surgical correction. Operation 
was refused by the patient described by Park and 
associates?? and it was not recommended in Wood's 
case.?? 

A 15-year-old child was reported by Tuchman 
et al.?? in whom the superior vena cava entered the 
left atrium. This was first diagnosed by cardiac 
catheterisation with subsequent confirmation at 
necropsy. It was not clear, however, from the des- 
cription whether it was a left or right superior vena 
cava.? Other types of "isolated" anomalous sys- 
temic venous connections to the left atrium are also 
rare and include persistent left superior vena cava 
into the left atrium,!? 28-33 inferior vena cava into 
the left atrium, 34—38 and total anomalous systemic 
venous drainage into the left atrium.?? 


EMBRYOLOGICAL ORIGIN 
In an attempt to explain the origin of the right 
superior vena cava to left atrium, persistence of the 
cephalic portion of the right valve of the sinus 
venosus?? and leftward and cephalic displacement 
of the right horn of sinus venosus®! ? have been 
. postulated. Misplaced interatrial septum as a cause 
for this anomaly was mentioned? ? but was 
excluded on the basis that the orifice of the inferior 
vena cava and coronary sinus would also be located 
on the left atrial side of the septum if this oc- 
curred.?! 22 More than normal leftward or cephalic 
displacement of the sinus venosus postulated by 
Kirsh and associates?! may not produce this anomaly 
unless associated with a shift of the embryological 
interatrial septae (septum spurium, primum, and 
secundum) to the right of (or caudal to) the common 
cardial vein. Persistence of the cephalic portion of 
the right valve of the sinus venosus as suggested by 


* 
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Braudo et al.?? may not be tenable because this would 
also result in the entrance of the inferior vena cava 
and even the coronary sinus into the left atrium. 

An orderly sequence of events with precise timing 
is necessary for normal development of the cardiac 
structures. If, for some reason, the sinus venosus 
becomes incorporated into the right atrium sooner 
than normal or if the right horn of the sinus venosus 
grows in a vertical direction (with resultant increase 
in relative distance between the superior and 
inferior vena cava) earlier than normal, the cephalic 
continuation of the venous valves, the septum 
spurium, and thereafter the septum primum and 
secondum may come to lie on the right of (or caudal 
to) the superior vena cava and thereby result in 
right superior vena cava to left atrium. Alternatively, 
later than normal timing of development of venous 
valves and septum spurium (septum primum and 
secundum to follow) may similarly result in the 
above-described phenomenon. Though this hypoth- 
esis may appear reasonable on theoretical grounds, 
no evidence to support this hypothesis could be 
provided from the reported cases. 


The authors thank Drs W Covitz, P Gilman, W 
Strong, and J Wilkins for their contribution in the 
preparation of this report. 
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Massive dilatation of the left atrium 


Sir, 

It is accepted that left recurrent laryngeal nerve 
paralysis in association with massive dilatation of 
the left atrium is caused by compression between 
the aortic arch and pulmonary artery by upward 
displacement of the latter. 

"The cause of dysphagia in these circumstances is 
less clear. Morgan and Mourant! suggest that it is 
the result of disordered peristalsis consequent upon 
stretching of autonomic nerve fibres between the 
posterior pulmonary plexuses and the oesophagus 
with possible damage to nerves supplying the 
oesophageal plexus. This is an ingenious explana- 
tion. Five of our 15 patients with massive atrial 
dilatation complained of difficulty in swallowing 
solid food and two of these also complained of 
difficulty in swallowing liquids.? One had painful 
dysphagia after swallowing a large bolus. Two 
patients pointed to the site of the obstruction at the 
suprasternal notch and the xiphisternum, res- 
pectively, whereas in all, fluoroscopy after a barium 
swallow showed the obstruction to be a few centi- 
metres below the tracheal bifurcation. 


While increased left atrial pressure in mitral 
valve disease is not likely to exceed peak intra- 
oesophageal pressure during active peristalsis, the 
displacement and narrowing of the oesophagus is 
considered sufficient to lead to dysphagia. In ad- 
dition, widening of the carinal angle has led to 
oesphageal indentation by the left main bronchus. 

Most patients with massive atrial dilatation are 
in atrial fibrillation, but even in the absence of a 
normally pulsating atrium the pressure exerted is 
sufficient to erode vertebrae. 


Raymond Daley, 
The White House, 
The Green, 
Woodchurch, 
Ashford, Kent. 
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Myocardial infarction 
cardiovascular reflexes after, and long-term beta-adreno- 
receptor antagonists (Bennett et al). 265 
changes in red cell deformability and other haemorrheo- 
logical variables after (Dodds et af). 508 
importance of age in prehospital and hospital mortality 
(Wilcox & Hampton). 503 
management of ventricular septal rupture in (Khan et al). 
570 
multicentre post-infarction trial of propranolol, 49 centres 
UK, Italy, and Yugoslavia (Baber et al). 96 
site and severity of infarct size (Hori et al). 271 
Myocardial shortening velocity, effect on duration of electrical 
and mechanical systole (Ford & Campbell). 179 
Myocardium, collateralised, effect of intracoronary glyceryl 
trinitrate on perfusion distribution in (Wald et al). 175 
Myxoma 
atrial, large right, unusual case: case report (Willey et al). 
108 
secondary carcinoma of left atrium simulating (Thomas 
et al). 541 | 
Myxomatous degeneration, primary, of cardiac valves (Rippe 
et al). 621 


case report (Popat 


Neurocirculatory asthenia, electrocardiographic characteristics 
during everyday activities (Tzivoni et al). 426 

Nifedipine, effect on exercise tolerance in angina pectoris 
(McIlwraith et al), 335 
in primary pulmonary hypertension: case report (Camerini 
et al). 352 

Notices, 232, 472, 608 

Nuclear angiography in determination of effect of i iSoprena- 
line and propranolol on left ventricular function (Sàpru 
et al). 75 
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Pacemaker electrodes, transvenous, and major venous throm- 
bosis (Krug & Zerbe). 158 
Pacing 
atrial, rapid, effect on atrial flutter, singly or in combination 
with intravenous disopyramide phosphate (Camm et al). 
240 . 

cardiac, predictive value of ST segment elevation (Arnold). 
416 

ventricular, in controlling prenylamine-induced ventricular 
tachycardia and syncope (Grenadier et al). 330 

Paroxysmal tachycardias, resistant, clinical antiarrhythmic 
effects of amiodarone in (Ward eral).91 , 

Penbutolol in left ventricular function and beta-blockade in 
chronic ischaemic heart failure, double-blind cross-over 
study (Vedin er al). 101 

Pericardial xenograft in multiple valve replacement, clinical 
and haemodynamic study (Tandon et al). 534 


Persistent ductus arteriosus 
associated with rupture of pulmonary artery aneurysm: 
case report (Coleman et al). 464 
detection in hypoplastic left heart syndrome by contrast 
echocardiography: case report (Mortera & Leon). 596 
Phonocardiography in diagnosis of atrial septal defect 
(Egeblad et al). 317 
Physical training after heart valve replacement (Newell et ai). 
638 
see also Exercise 
Polycythaemia secondary to cyanotic congenital heart disease, 
effects of haematocrit reduction (Oldershaw & Sutton). 584 
Postural heart block: case report (Seda et al), 221 
Prazosin and hydralazine, comparison, exercise performance 
in cardiac failure (Fitchett et al). 215 
Prenylamine-induced ventricular tachycardia and syncope 
controlled by ventricular pacing (Grenadier ez al). 330 
Procainamide infusion in atrial fibrillation (Halpern et al). 589 
Propranolol 
effect on left ventricular function as determined by nuclear 
angiography (Sapru et al). 75 
and beta-blockade in chronic ischaemic heart failure, 
double-blind cross-over study (Vedin et al). 101 
effects on myocardial oxygen consumption substrate extrac- 
tion, and haemodynamics in hypertrophic obstructive 
cardiomyopathy (Thompson et al). 488 
effect on QT interval: correspondence (Puddu er al: 
Milne et al). 604 
multicentre post-infarction trial, 49 hospitals, UK, Italy, 
and Yugoslavia (Baber er al). 96 
Prosthetic heart valves, thrombus on, fibrinolytic treatment 
(Witchitz et al). 545 
Prostacyclin, haemodynamic changes induced by (Szczeklik 
et al). 254 
Pulmonary 
artery aneurysm, rupture, associated with persistent ductus 
arteriosus: case report (Coleman et al). 464 
wedge pressure, estimation from chest x-ray in chronic 
heart failure (Dash et al). 322 
injections yielding left-sided 
contrast (Meltzer et al). 390 
atresia with ventricular septal defect, collateral arteries in 
(Haworth). 5; pulmonary circulation (Haworth & 
Macartney). 14 
circulation in pulmonary atresia with large collateral 
arteries (Haworth & Macartney). 14 
stenosis, severe, extreme right ventricular hypoplasia after 
relief of: case report (Cotter et al). 469 
valve opening, premature, with absent tricuspid valve: case 
report (D’Cruz et al). 714 


echocardiographic 


Subject Index 


QRS waveforms in right and left bundle-branch aberration 
(Talbot et al). 184 ` 

QT interval, effect of intravenous propranolol on: corres- 
pondence (Puddu et al: Milne et al). 604 


R wave amplitude during exercise, relation to left ventricular 
function and coronary artery disease (Baron et al). 512 

Radionuclide ventriculography, exercise first-pass, in detec- 
tion of coronary artery disease (Stone et al). 208 


Red celi deformability and other haemorrheological variables 


after myocardial infarction (Dodds et al). 508 

Reflexes, cardiovascular after myocardial infarction, and long- 
term beta-adrenoreceptor antagonists (Bennett et al). 265 

Renin activity, plasma and ventricular size, changes after 
cardiac surgery, children (Bourgeois et al). 297 

Review: Future of computerised electrocardiography (Meijler 
et al). 1 

Rhabdomyoma, heart, newborn infant, diagnosis by echo- 
cardiography: case report (Milner et al). 224 


Senning and Mustard repairs, differential atrial filling after 
(Wyse et al). 692 s 

Sequential chamber localisation and atrial morphology 
(Macarmey et al). 657 

Sick sinus syndrome in childhood (Ector et al), 684 

ST segment 
elevation, predictive value in cardiac pacing (Arnold). 416 
monitoring, ambulatory, problems, pitfalls, solutions, and 

clinical application (Balasubramanian er al). 419 

Stress and rate-pressure product and angina pectoris (Schiffer 
et al). 62 

Subacute effusive constrictive epicarditis (Rasaretnam & 
Chanmugam). 44 . 

Superior vena cava, right, anomalous connection to left 
atrium, echocardiography in detection: case report (Truman 
et al). 718 f 

Systemic sclerosis, progressive, atrioventricular nodal func- 
tion in, electrophysiological and morphological findings 
(Roberts & Cabeen). 529 

Systole, electrical and mechanical, effect of myocardial 
shortening velocity (Ford & Campbell). 179 

Systolic 
closure, early, of aortic valve (Wong et al). 386 


and diastolic intervals in young diabetics (Rynkiewicz 


et al). 280 

time intervals, correlation between changes in, and left 
ventricular end-diastolic diameter, echocardiography 
(Buch et al). 668 


Tachycardias 
extreme, complicating use of disopyramide in atrial flutter: 
case report (Robertson & Miller). 602 
paroxysmal, resistant, clinical antirrhythmic effects of 
amiodarone (Ward et al). 91 
ventricular, prenylamine-induced, and syncope controlled 
by ventricular pacing (Grenadier et al). 330 
Tetralogy of Fallot, detection of late arrhythmia and conduc- 
tion disturbance after correction (Deanfield er al). 248 
Thallium-201 myocardial scintigraphy, exercise, see Exercise 
Thrombosis, venous, major, complication of transvenous 
pacemaker electrodes (Krug & Zerbe). 158 
Thrombus i 
floating, in left atrium, echocardiographic findings: case 
report (Furukawa et al). 599 
on prosthetic heart valves, fibrinolytic treatment (Witchitz 
et al). 545 


Subject Index A 


Thymus, congenital absence or hypoplasia, see DiGeorge 
syndrome 

Transposition of great arteries, complete, aortic atresia 
occurring with (McGarry et al). 711 
isovolumic contraction time of right ventricle in (Fouron 

et al). 204 

Tricuspid valve, absent, with premature pulmonary valve 
opening: case report (D’Cruz et al). 714 

Tumours, cardiac, non-invasive detection and assessment by 
gated cardiac blood pool radionuclide imaging (Pitcher 
et al). 143 
see also Myxoma 
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Valsalva manoeuvre, bedside in left ventricular dysfunction 
. . (emat et al). 560 
Valves, cardiac 
primary myxomatous degeneration (Rippe et al). 621 
replacement, multiple, with pericardial xenograft, clinical 
and haemodynamic study (Tandon et al). 534 
see also specific names of valves 
Valvular heart disease, incidence of coronary artery disease 
in (Morrison et al). 630 
Vasodilator drugs, effect on exercise performance in cardiac 
failure (Fitchett et af). 215 
Ventricle, left 
contractility, assessment during supine exercise in left- 
sided cardiac disease, children (Alpert et al). 703 
dimensions serial measurements by echocardiography 
(Ladipo et al). 284 
dysfunction—bedside Valsalva manoeuvre (Zema et al). 560 
end-diastolic diameter and correlation between changes in 
systolic time intervals, echocardiography (Buch et al). 668 


function, effect of isoprenaline and propranolol on, as 
determined by nuclear angiography (Sapru et al). 75 
in Friedreich’s ataxia, echocardiography (Sutton et al). 
309 
and R wave amplitude during exercise (Baron et al). 512 
pressure high-fidelity, and calibrated pressure apexcardio- 
gram (Reddy et al). 194 


wall motion, regional, from first-pass radionuclide angio- ue 


cardiography using an Anger camera (Walton et ai). 518 
limitations of two frame method for displaying 
(Marier & Gibson). 555 
Ventricle, right : 
extreme hyperplasia after relief of severe pulmonary stenosis: 
case report (Cotter et al). 469 
wall, thickness, echocardiographic measurement in adults 
by anterior approach (Tsuda et al). 55 
Ventricular 
arrhythmias, sustained, heart rate and ectopic prematurity 
in relation to (Vusuf et al). 233 
hypertrophy, right, and pulmonary hypertension, present- 
ing symptoms in early infancy, comparative echocardio- 
graphic features (Patel et al). 49 
pressure, left, prediction in aortic stenosis, infants (Brenner 
et al). 406 
septal defect and pulmonary atresia, collateral arteries in 
(Haworth). 5: pulmonary circulation (Haworth & 
Macartney). 14 
rupture, management in myocardial infarction (Khan 
et al). 570 
tachycardia, prenylamine-induced, and syncope controlled 
by ventricular pacing (Grenadier et al). 330 
size and plasma renin activity, changes after cardiac 
surgery, children (Bourgeois et al), 297 
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